Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



'Idgonometry, 21. M. nel. 

Advice lo Marine Engineers, Roberls, 

2S.6d. 

Alexander's Model Engine Construc- 
tion, lor. 6d. 
Alkali Makers' Handbook, Lunge, 



Kailways, ta. t>r/. 

Submarine Telegraph)', 11, 

Telegraphisl's Guide, u. 6 

Telephony, 2J. 6rf. 

Bicycle, Safety, Ganalt, 31. 
Bjbrling's Mechanical Engi 

Pocket-Book, 51. 
-^—^ Pipra and Tubes, jj. 6rf, 



Utbrarie 



Anatot 
1 Andera 
I Ai>oth« 

Arnold's "Steel 



TUntveraiti? of Misconsin 



Worka "Aoalysi^ 






Ash worth's Magnetism and Elec- 
tricity, 21. 6d. 
Astronomy, Chambers, 21. 6d. 
Atkinson's Static Electricity, Is. 6d. 
Atlantic Ferry, Maginnis, Jj. 6d. 
Auto Cars, Farman, Jj. 

Bales' Shafting and Geaiing, 2i. 6d. 

Ballooning, May, 2s. dd. 

Barker's Engineering Works Manage- 

Barter's Drawing, 3;. 6d. 

Woodwork, 6s. 

Battery, Stori^e, Treadwell, 71. 6d. 

Galvanic, Bottone, 51. [net. 

Beardmore's Drainage, 21. &/. 
Beaumont's Woven Design, zu. 
Bedell and Crehore's Alternating 
Currents, lis. 6d. 



Electric Light Guide, 1 

Electrician's Workshop, li. bd. 

Electricity and Magnetism, 

Electro- Motors, 31. [u- W- 

Galvanic Battecies, ^s. 

How to Mana^ a Dynamo, is. 

Ignition Devices for Motors, 

2S. Sd. net 

■■>y- 



Boyd's Coal Pits, 7 
Bond's Petroleum, a. 

Bricklaying, Maginnis^ is. hd. 




(O 



Cakes, Marshall, is. 

Calculus, Diff. and Integral, Wyatt, 

5^. 6d, [net. 

Carpentry and Joinery, Fletcher, 5j. 
Catechism, Electrical, Shepardson, 

los. 
Central Station Electricity Supply, 

Gay and Yeaman, los, 6d. 
Chambers' Astronomy, 2s, 6d, 
Chemical Analysis, Coppock, 2s. 

Composition, Landolt, 4s. 6d, 

Evolution, Rudorf, 45. 6d, 

Manipulation, Hewitt, 4J. 6d, 

Chemist's Compendium, 35. 6d, 
Chemistry, Physical, Reychler, 45. 6d. 

Practical, Cooper, 2s. 

Harris, 3 vols. 45. 

Coal Pits, Boyd, 'js. 6d. [21s. 

Colour in Woven Design, Beaumont, 
Cooke's Locomotives, *js. 6d. 

Locomotive Development, 2J.6€/. 

Cooking, Jack, 2s. 

Marshall, is. 

Cooper's Chemistry, 2s. 
Coppock's Volumetric Analysis, 2s. 
Crapper's Electrical Measurements, 

2s. 6d. 
Crellin's Bookkeeping, is. Key, 

is. 6d, net. 
Cullyer's Land Measuring Tables, 

\2s. 6d. 
Davis' Builder's Quantities, 3^. 6d. 
Dawson's Electric Railways, 42^. 
Denning's Cabinet Making, $s. 
Designing, Leland. 2s. 
Designs, Electrical, los. 
Dictionaries, Technological. 
Dictionary of Medical Terms, HobI)m, 

los. 6d. 
Dissections Illustrated, Brodie : 

Part L, &r. 6d. Part II., lOf. 

Part IIL, lor. Part IV., lOf. 

In One Volume, 2/. 2s, 
Dobbs' Telephone Work, jr. 6d. 
Drainage, Beardmore, 2s. 6d, 

Nadi^ine, is. 

Draughtsmen's Work, is. 6d. 
Drawing and Designing, Leland, 2s. 
for Marine Engineers, 

Roberts, 6s, 
Drawing Cards for Marine Engineers, 

Sothem, y. 6d. net. 
Drawing, Woodwork, Barter, 3J. 6d, 
Dynamo, Bottone, 2s, 6d, 

• Building, Parkhurst, $s. 

• Gibbings, is. 



Dynamo, Hawkins and Wallis, 1 5^. 
— ^ How to Mani^e, Bottone, is. 

Testing, Parham, I2j. 6d. 

Machinery, Hopkinson, $s. 

Wiener, 155. 

Edgcumbe's Electrical Engineer's 
Pocket-Book, 3J. 6r/. net. 

Education, Practical, Leland, 6s. 

Electric Batteries, Bottone, Ss. 

Bells, Bottone, 3J. 

Heating, Houston, 5j. 

Influence Machines, Gray, $s. 

Lamps, Maycock, 6s. 

Light Cables, Russell, ioj. 6d. 

Light Fitting, Allsop, Ss. 

Light Installation, Salomons': 

Vol. I., Accumulators, Ss. 
Vol. II., Apparatus, js. 6d, 
Vol. III., Application, ^s. 

Lighting, Guide to, is. 

Lighting Specifications, *js. 6d. 

Lighting and Power Distribu- 
tion, Maycock, vol. i. 6s, ; vol. ii. 
*js. 6d. 

Lighting for Marine Engineers, 

Walker, 51, 

Railways, Hering, Ss, [15J. 

Railway Handbook, Herrick, 

Railways and Tramways, Daw- 
son, 421. 

Traction, Rider. 

Transformers, Kapp, 6s. 

Transmission of Energy, Kapp, 

lor. 6d, 

Transmission of Intelligence, 



Houston, 5j. 
— Wiring, Fittings, Switches, and 
Lamps, Maycock, 6s, 

Details Forms, 2s. 6d. net. 

Tables, Maycock, .35. 6d. 



Electrical Catechism, Shepardson, 

Designs, los, [ioj. 

Energy, Kapp, icw. 6d. 

Energy, Plant^, 12s. 

Engineering, Steinmetz, 12s. 6d. 

Engineer's Pocket-Book, Edg- 

cumbe, y. 6d. net. 

Experiments, Bonney, 2s, 6d. 

Instrument Making, Bottone, 

3J. 6d. 

Measurements, Crapper, 2s, 6d, 

Measurements, Houston, 5j. 

Electrician's Workshop, Bottone, 

Is. 6d. net. 
Electricity, 100 years ago, 51. 



( 3) 



Electricity, in its application to Tele- 
graphy, Herbert. 

in our Homes, Walker, 6s. 

Static, Atkinson, 7J» 6^» 

Supply, Gay and Yeaman,ioj. 6^. 

Municipal, Gibbings, los. 6d. 

and Magnetism, Ashworth, 25. 6^. 

Bottone, 2J. 6d, 

Gerard, I2J. 6^. 

Houston, 2J. (id, 

Maycock, 25, 6d, 

Electro-motors, Bottone, y, [3J. 

Electro-platers' Hand- Book, Bonney, 

Electrolytic Analysis, Neumann, 65. 

Elliott's Gas and Petroleum Engines, 
2s, 6d. 

Industrial Electricity, 2s. 6d, 

Emmet's Alternate Current Wiring, 55. 

Engineer Draughtsmen's Work, is, 6d, 

Fitting, Homer, $s, 

Locomotive, McDonnell, is, 

Works Management, Barker, 3^. 

English and American Lathes, 
Horner, 21s, 

Explosives, Guttmann, 2 vols. 2/. 2s, 

Farman's Auto Cars, 5;. 

Farrow, Specifications for Building 

Works, 3J. 6d. net. 

Stresses and Strains, $s, net. 

Field Work and Instruments, 

Walmisley, 6s, net. 
Findlay's English Railway, *js, 6d, 
Fitting, Engineer, Homer, 5^. 

Electnc, Maycock, 65, 

Electric Light, Allsop, 5j. 

Fletcher's Architectural Hygiene, 5j. 

Steam-Jacket, 3J. 6d, 

Foden's Mechanical Tables, is, 6d, 

Forestry, Webster, y, 6d. 

Foster's Central Station Bookkeeping, 

I2s, 6d, 
Friction and its Reduction, Wheeler. 

Galvanic Batteries, Bottone, $s, 
Garratt's Modem Safety Bicycle, 3J. 
Gas and Petroleum Engines, 2s, 6d, 
Gaseous Fuel, Thwaite, is, 6d, 
Gay and Yeaman's C. S. Electricity 

Supply, los, 6d, 
Gearing, Helical, Homer, 51. [net. 
Geometrical Optics, Blakesley, 2s, 6d, 
Geology, Jukes-Browne, 2s, 6d, 
Gerard's Electricity and Magnetism, 

1 2 J. 6d, 
Gibbings' Dynamo Attendants, u. 



Gibbings' Electricity Supply, los, 6d, 
Gray's Electrical Influence Machines, 

Greenwell and Elsden, Road Con- 
struction, 5^. net. 
Griffiths' Manures, *js, 6d, 
Guttmann's Explosives, 2 vols., 2/. 2s. 

Hanchett's Electric Railway Motors, 
los, 

Harris'Practical Chemistry, 3 vols. 41. 

Hatch's Mineralogy, 2s, 6d, 

Hatton's Mathematics, 2s. 6d, and y, 

Hawkins' and Wallis's Dynamo, 15^. 

Heat Engines, Anderson, 6s, 

Helical Gears, Homer, 5^. 

Herbert's Telegraphy. 

Telephone System of the Post 

Office, 3^. 6d. 

Hering, Electric Railways, 5j. [15J. 

Herrick's Electric Railway Handbook, 

Hertzian Waves and Wireless Tele- 
graphy, Bottone, 3j. 

Hewitt's Organic Chemical Manipula- 
tion, 45. 6d, 

Hobbs' Electrical Arithmetic, is, 

Hoblyn's Medical Dictionary, los, 6d, 

Hopkinson's Dynamo Machinery, 5^. 

Homer's Helical Gears, 51. 

Iron-founding, 4J. 

Metal Turning, 45. 

Pattern Making, y, 6d, 

Principles of Fitting, $s, [21 j. 

English and Amencan Lathes, 

House Framing, Maginnis, 51. 

Houston's Electrical Terms, 31J. 6d, 

Electrical Measurements, 55. 

Electricity and Magnetism, 2s, 6d, 

Transmission of Intelligence, 55. 

Hurter's Alkali Makers' Handbook, 
\os, 6d, 

Hutton's Mathematical Tables, 12s, 

Hydraulic Motors and Turbines, 
Bodmer, 15^. 

Ignition Devices for Motors, Bottone, 
2s, 6d. net. 

Incandescent Lighting, Houston, 55. 

Indicator Handbook, Pickworth, 2 
vols., 3^. each net. 

Induction Coils, Bonney, 35. 

Induction Motor, Behrend, *js, 6d, 

Industrial Electricity, 2s, 6d, 

Iron and Steel Stractures, Twelve- 
trees, 6^. net. 

Ironfbunding, Homer, 4J. 



FRICTION AND ITS REDUCTION 



PETROLEUM : Its Development and Uses. By 

R. Nelson Boyd, M.Inst.C.E., etc. 2s. 

GAS AND PETROLEUM ENGINES. A Useful and 
Elementary Treatise for Non-Technical Readers. 
Adapted from the French of H. de Graffiguy, by A. 
G. Elliott, B.Sc. With 62 Illustrations. 2s. 6rf. 

THE PRINCIPLES OF FITTING. For Engineers 
and Students. Illustrated with about 250 Engrav- 
logs, and containing an Appendix of Useful Shop 
Notes and Memoranda. By J. Hornek, A.M. I. M.E. 
5s. ' 

THE MODERN SAFETY BICYCLE. By H. A. 

Garratt, A.M.I.C.E. With 104 Illustrations and 
5 Working Drawings. 3s. 



WHITTAKER & CO., LONDON, B.C. 



FEICTION 

AND ITS EEDUCTION 



BY 

G. U. WHEELER 

WHITWORTH SCHOLAR ; ASSOCIATE MEMBER Or THE IKSTITUTION OF 

MECHANICAL EKOINSBRS 



WITH 62 ILLUSTRATIONS 



LONDON 

WHITTAKER AND CO. 

2, WHITE HART STREET, PATERNOSTER SQUARE, E.G. 

New Yobk~: 66, Fifth Ayenub 

1903 



84793 r^3Kl^& 

APR 1^ 1905 '"■ ^ 

.W56 

PREFACE 

This small volume is a reprint«.with re-arrangement 
and added matter of a series 'of Articles written for a 
Technical Journal. 

They have been revised and considerable new matter 
added. The writer had often felt the want of some 
small and concise r48um6 of the many records of experi- 
ments on Friction scattered throughout the proceedings 
of the various scientific iiistitutions,|and also of some 
outline of the various kinds of lubricants and their 
properties, with the usual methods of testing them. It 
is hoped the work will be found useful not only to those 
actually engaged upon the design of machinery, but also 
to students and those many users of oils who could not 
rank themselves as technical men. For the conveni- 
ence of all, the writer has ventured to depart from the 
somewhat beaten track in giving a few prices of various 
oils, and also balls and ball bearings. He has often 
felt hampered, when wishing to know the comparative 
cost of various methods, to find all such information 
sedulously excluded from Engineering literature. 

It only remains to express the writer's indebtedness 
to such standard works as those of Allen, Wallace, 
and Veitch Wilson, in reference to the Chemistry and 
Testing of Oils, and to Thurston and the Proceedings 
of the Institution of Mechanical Engineers for actual 
experimental work. 
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CHAPTER I 

INTRODUCTORY 

Introductory — Heads of the Subject — Conditions to Consider in 
Selecting Lubricants— How Losses Occur — Lubricating 
Methods : Results ot* Carelessness — Waste of Oil and its 
Results — Clogging — Hints on Purchasing Lubricants — In- 
vestigations as to the Losses through Friction, etc. — How to 
Treat the Subject. 

It has been remarked that "the study of the methods 
and magnitudes of friction-losses and the laws governing 
their production is, next to the theory of pure me- 
chanism^ the most important study in relation to the 
transmission of power by machinery." Loss of power 
means, of course, loss to the pocket, larger coal bills, 
and larger expenses in various ways ; and in showing 
how to save, it is hoped that some hints will be given 
which will prove of substantial benefit. The writer 
will endeavour, therefore, to point out how these friction 
losses may be reduced to a minimum, and will deal 
with the various mechanical devices for reducing friction, 
as well as with the various frictional agents comprised 
within the nomenclature of oils and lubricants. 

When considering how to reduce friction, we should 
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lay down the rule that it is not simply the initial outlay 
which is to be taken into account, but the ultimate 
gain or loss in expenditure resulting from the means 
adopted. Again, it cannot be too strongly enforced 
that, in this matter, careful attention to small — and to 
what many would consider insignificant — details is 
productive of substantial and continuous economy. 

Heads of the Subject. — This subject naturally divides 
itself under two great heads, namely, (1) the application 
of lubricants whether liquid or solid ; and (2) the intro- 
duction of mechanical devices in the rubbing parts 
themselves, such as friction bearings — where the re- 
volving parts run upon rollers or balls — or by the use 
of anti-friction metals. The use of ball bearings, it 
may at once be said, will undoubtedly very rapidly in- 
crease now that both in England and across the Atlantic 
machinery has been perfected to turn out hard steel 
balls, which answer perfectly all the severe wear to 
which they are subjected. Seeing, moreover, that an 
American firm has successfully fitted up mine trolleys 
with this class of bearing, there seems no reason why a 
similar application cannot be made to very many other 
purposes from which the excessive cost has hitherto 
excluded them. 

Conditions to Consider in Selecting Lubricants. — In 
connection with the use of lubricants, due regard must 
be had to the class of work they have to perform ; ihe 
situation in which they are used; the weight of the 
machinei^ they are lubricating; the temperatures to 
which they may be subjected — for it is evident that if 
machinery is out in the open and exposed to cold, care 
must be taken that the lubricant maintains its fluidity 
at low temperatures. Again, the oil that would be 
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very suitable for a loom would never do for the bearings 
of a locomotive, and an oil that would be efifective for 
the bearings of a lathe would perhaps never stand the 
excessive temperature to which it would be subjected 
if used in a steam-engine cylinder supplied with steam 
of 100 lbs. pressure. 

How Losses Occur. — In considering how to reduce 
losses due to friction, three things have to be borne in 
mind : (1) Expenditure for oil ; (2) expenditure for 
coal ; (3) expenditure for repairs. These three items 
run very closely together, and the last two may be very 
materially aflfected by the first. To show how the 
items of oil and coal are related, we may assume, for 
example, that an oil of too great body or " viscosity,'' 
as it is technically termed, has been chosen ; then extra 
work IS thrown upon the engine, and more steam and 
consequently more coal is required to overcome the 
drag put upon bearings, etc., owing to the lubricant no 
longer reducing the friction, but acting as a brake upon 
the machinery. Again, suppose an oil has been chosen 
which is liable after a time to decompose or become 
rancid, thus developing acids which will attack metals, 
the result will be an increase of expenditure for repairs. 
Or, again, if an oil is used which contains any mechanical 
impurities (and many dark oils so generally used for 
cylinders do contain such, their very darkness making 
it difficult to detect them) — then it is obvious that 
abnormal wear will take place, causing outlay for repairs 
which might have been easily avoided. An instance is 
before us where, in the case of an engine of 1,000 
indicated horse-power — a large power it may be said, 
but it will forcibly illustrate the point — an increase of 
2^ tons of coal per day of ten hours was necessitated 
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by the use of a poor oil as compared with a good one. 
Another case, where an oil used was found to contain 
5*5 per cent, of free acid, produced in the cylinder of a 
steam engine, after six months' use, a thick matter 
which, when analyzed, yielded 6 per cent, of metallic 
iron, being the measure, as the investigator said, of the 
destructive friction between piston and cylinder during 
that period. 

Lubricating Methods: Results of Carelessness. — The 
manner of the introduction of lubricants into cylinders, 
bearings, etc., calls for much careful attention, and has 
much to do — ^we might almost say everything to do — 
with the success which may accompany the use of any 
particular oil. A dry place occurring on a journal will 
instantly cause heating and abrasion, necessitating, per- 
haps, considerable delay and expense in its rectification. 
The delay in these cases often causes more trouble 
and annoyance than the mere item of expense for 
repair. A few years ago a case occurred in the 
writer's experience which will illustrate this. A crane 
had a long slow-moving bearing, difficult of access ; 
this had been thought of in the drawing-oflSce, but in 
the shops, the provision made for lubrication was 
neglected, and, as so often happens, the first intimation 
received of the omission was that the bearing had 
worn out of truth over half-an-inch in a few weeks, 
thrown a pinion out of gear, and stripped the teeth 
oflF a rack. This was entirely due to neglect in the 
distribution of the lubricant to the bearing. 

Waste of Oil and its Results. — ^There is much careless- 
ness on the part of those in charge of engines and 
machinery in the amount of oil they introduce, and 
in the case of condensing engines, where the feed is 
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taken from the hot- well, much damage is often done 
to boilers by excessive deposits of grease on the furnace 
tops. Where condensed water is used for feed, a 
certain amount of oil must pass with the water into 
the boiler, in spite of all the precautions that can 
possibly be taken to strain out the oil by mechanical 
means — such as filters — so that if more than is actually 
necessary for efficient lubrication be permitted to pass 
into the cylinders, a corresponding greater amount will 
pass into the boiler. An instance has recently come 
under our notice where the rivets at the top of the 
furnace mouths of a " Lancashire *' boiler were con- 
tinually leaking, and even after larger ones were put 
in with counter-sinks the same thing occurred. This 
was found to be caused by the excessive deposit upon 
the top of the furnaces of a greasy nature, and such 
deposits are very impervious to heat, so that they got 
overheatedj causing the top of the furnaces to expand 
to an abnormal extent, and straining the front plate of 
the boiler at the juncture of the furnaces, thus loosening 
the rivets. 

Clogging. — It will be familiar to every one how a 
sewing machine will become clogged up after standing 
unused for a while owing to the thickening of the oil. 
We refer to this only to point out a class of machinery 
where the power used to perform the work done by 
the machine is not great as comparable to the frictional 
resistances of the machine under bad or insufficient 
lubrication. The ** gumming" of the lubricant is due to 
oxidation — that is, to the absorption of oxygen from 
the atmosphere, and is taken advantage of in the case 
of linseed oil for paints ; but, of course, for lubrica- 
tion an oil which shows any tendency to gum is 
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inadmissible. Accompanying oxidation there is always 
the generation of heat, and every one is familiar with 
the way in which a mass of waste will heat and fire 
when saturated with a certain class of oil — and this 
spontaneous combustion is often fraught with most 
terrible consequences if not discovered in time. Many 
large fires which have been unaccounted for are most 
likely to have been caused by some oily waste thrown 
inadvertently near a steam pipe, the heat from which 
hastened the combustion. But though animal and 
vegetable oils are very liable in this respect, yet mineral 
oils show no tendency whatever to do so, and if added 
to the extent of 50 per cent, to animal or vegetable 
oils, will materially reduce the tendency of the oil to 
ignite spontaneously, in some cases entirely preventing it. 
Hints on Purchasing Lubricants. — From the foregoing 
general survey it will be seen that there are many 
things to be taken into consideration when purchasing 
lubricants and lubricating appliances, that, at first 
sight, do not appear to connect themselves with the 
matter. Often an oil offered at a cheap rate will in 
the end prove to be a very costly one — dear if it could 
be had for nothing. In every business an article to 
sell cheaply has to be produced cheaply, and processes 
of manufacture have to be omitted which are essential 
to the production of the best So with the manufacture 
of lubricants, they can be produced for a low figure, 
and even when they are required to meet a specifica- 
tion, there is such a divergence in the price as can be 
accounted for only by supposing that some makers 
require an inordinate profit, or, what is more likely, 
that some supply an inferior article doctored up to 
meet the specification tests. 
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Investigations as to Losses through Friction, etc. — 
There has been no superabundance of investigators 
in the field of the actual losses incurred by various ways 
in machinery; but both in England and America, of 
late years, this subject has been taken up, and the 
results will be given in proper course. As early as fche 
year 1830, General (then Captain) Morin carried out 
an elaborate series of experiments to determine the 
laws governing friction ; but in these the materials were 
the chief thing under consideration, whereas with 
machinery the chief consideration is, knowing what 
will be used (and they are very few), what will be the 
best and most suitable lubricant under varying con- 
ditions of load and velocity. It is in this respect that 
we speak of there having been but few investigators 
in the field. Hirn in 1855 made experiments upon 
shaft bearings. There have been many instruments 
devised and perfected for testing the viscosity, flashing 
jx)int, co-efficient of fluid friction, and other properties 
of oils, which will be briefly described in their place. 

How to Treat the Subject. — As an indication of the 
manner in which it is proposed to treat the subject, we 
lay the following before readers' attention as a general 
syllabus : — 

I. Friction, as far as it concerns Machinery ; Laws 
governing Friction ; Measurement of Friction ; brief 
account of various Experimenters on Friction. 

II. Methods adopted fw the Bedv£tion of Friction. — 
(a) Lubricants ; (b) Mechanical Devices. 

Under (a) will be taken up the various kinds of 
materials used as lubricants, viz. water, oils, and 
graphite. Of these, oils will naturally be treated at 
far greater length than the other two, these being 
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seldom used. Some, indeed, might not consider 
water as a lubricant, yet when shafts run in lignum 
vitae bearings, as in the stern tubes of screw-ships, 
water is entirely depended upon to prevent heating or 
abrasion at that particular part. 

Animal, vegetable, and mineral oils, both alone and 
as compounds, will be considered, and the tests used to 
determine decomposition ; ignition and vaporization ; 
temperatures, co-efficient of friction, acidity, and such 
other properties as may be necessary to be known by 
users. 

Since what are commonly known as ** solid " oils are 
coming to the front, and great economy claimed for them 
under certain conditions of work, they will receive our 
attention, practical examples of their use, extending 
over considerable lengths of time, being adduced. 

After this will be considered the. best oils to be used 
under given conditions, such as for steam and gas 
engine cylinders, electric light machinery, slow • and 
fast running machinery, etc., etc. ; use, again, of oil that 
has been caught from bearings, etc. 

This section will close with what is, as before stated, 
a most important factor, viz. the distribution of lubri- 
cants, and the regulation of their supply ; so that under 
various conditions proper lubrication is, as far as possible, 
automatically supplied. A writer of authority upon 
this subject has said that shafts running in self- 
adjusting cast-iron bearings, the bearings being four 
diameters long, at a speed of 120 revolutions per 
minute, require on an average 2*2 fluid oz. of oil per 
bearing every six months. This is a very small quantity 
when compared with the plentiful amount generally 
bestowed upon shafting bearings, 
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Under the Lead (b) will come most prominently 
roller and ball bearings, and then anti-friction metals, 
as they are called, being various compositions which 
reduce the friction between the moving parts by 
replacing one of them by a softer metal, which is held 
in a casing of harder material, or put in the bearings 
in narrow strips. 



CHAPTER II 

FRICTION 

Friction — Kinds of Friction — Solid Friction (Sliding)— Illus- 
tration — Laws of Sliding Friction — Solid Friction (Rolling) 
— Laws of Rolling Friction — Fluid Friction — Laws of Fluid 
Friction. 

Friction is the name given to the well-known 
resistance to motion which is manifested when two 
bodies in contact are moved relatively to one another. 
It is due to the interlocking of projecting particles 
upon the surfaces in contact, and the power expended 
in overcoming friction is entirely due to the fact of 
having constantly, as it were, to unlock these projecting 
particles or asperities. When, however, instead of un- 
locking, they adhere firmly one to the other, then, for 
motion to take place, one set of particles has to be torn 
oflf from one or other of the surfaces, producing what is 
usually known by the term cibradon. In theoretical 
mechanics perfectly smooth bodies, or bodies with 
perfectly smooth surfaces, are sometimes assumed, but 
this is not realized in the actualities of this lower world 
of fact. However smoothly surfaces may be got up, 
there is always a certain resistance to motion displayed, 
which resistance it is our business, by lubrication or 
otherwise, to reduce to the lowest point possible. 

10 
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Kinds of Friction. — There are two kinds or varieties 
of friction, very clearly defined and governed by two 
totally distinct sets of laws : — 
I. Solid Friction. 
II. Fluid Friction. 

Solid friction is that which is found to act between 
dry solid bodies, or, if not quite dry, with very slightly 
lubricated surfaces. It is generally divided into two 
parts : — 

{a) Sliding or Gliding Friction ; and 
(h) Rolling Friction. 

Fluid friction is that resistance to motion exhibited 
when liquids — and gases too, for they come under the 
head of fluids — are caused to move in themselves or 
upon solids. 

Gompmtnd Friction, — These two varieties of friction 
are often combined one with another, as when, by the 
introduction of lubricating fluids between surfaces in 
contact, there is not only the friction from sliding 
simply, but also that from the fluid to take into ac- 
count, and, as these may both vary, the laws governing 
such compound friction are necessarily far more diflicult 
to decide and enunciate than either those of solid or 
fluid friction alone. Under this head come most of the 
frictional resistances experienced in machinery, such as 
well-lubricated bearings, etc. ; but before proceeding 
further with it, we will briefly consider the two simpler 
cases. 

Solid Friction. — {a) Sliding Friction. — The first thing 
to be understood is the method by which sliding or 
gliding friction is measured. This is done by reckoning 
the relation which the force just sufficient to produce 
motion bears to the weight of the body set in motion. 
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Thus in Fig. 1, if a body of weight W lbs. rests on 
the surface A B, and a weight of P lbs. is found 
necessary just to produce motion, then the relation 

jP 
W 
is called the co-efficient of friction, and is generally 
denoted by the letter/. Thus, if W be 1 lb., and the 
surfaces in contact be metals and dry, P has been found 
by experiment equal to 0*2 lb., after allowing for the 
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Fig. 1. 



friction of the pulley and cord. And if W is increased, 
P will increase in the same ratio ; so that, knowing the 
co-efficient of friction in any one case as above, the 
amount of friction, or the force necessary to overcome 
the friction, will be found by multiplying the weight by 
0*2. It must be borne in mind that this co-efficient 
applies only in the case of metal on metal, the surfaces 
being dry and smooth. Full tables of co-efficiei»ts will 
be given further on. 

Another way of determining the co-efficient of friction 
is by the use of an inclined plane, as shown in Fig. 2, 
so arranged that the angle which it makes with the 
horizontal can be adjusted until the substance upon it 
will no longer remain at rest ; then the relation 
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1 rC B being perpendicular to A B) will be found to be 
lexactly equal to 

/ ■ ^ 



w' 



as in the previous method. 




To make it very simple, let A D be exactly one foot 
long, and at D let a scale one foot long, divided into 
100 parts, be placed as shown ; then, if the surfaces are 
metals and dry, it will be found that the body will 
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begin to slide when the vertical distance D E is ahoni i 
twenty-hundredths. That is, the co-efficient of friction ]. 
is equal to i ! 

Having now found a way of measuring the resistance \\ 
due to friction, it is very easy to calculate the amount 
of work absorbed in overcoming it. It is most con- 
venient for practical purposes to express this in horse- 
power. 

Horse-power = 

Resistance to he\ /Velocity in ft. per minute 
overcome in lbs./ 1 of moving body. 

Ilhtstraiion, — For an illustration let us take an 
ordinary slide valve, as shown in Fig. 3. 

Here the pressure exerted by the steam upon the 
face of the valve is area of valve in square inches 
multiplied by pressure in lbs. per square inch. 

12i" X 81" X 100 = 10,106 lbs. 

The valve weighs, say, 50 lbs. 

From the sum of these must be deducted the upward 
pressure exerted upon the valve by the steam in the 
exhaust port, at, for convenience, say, 40 lbs. pressure. 
This is 

10'' X 4" X 40 = 1600 lbs. 

+ 10106 
+ 50 
- 1600 
8556 lbs. 

Multiply this by 0*2, the co-efficient of friction 
generally taken, although, if the valve be well lubri- 
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[ted, it may be less. This gives us the resistance to 
overcome in lbs. 

8556x0-2 ^1711-2 lbs. 
If the revolutions of the engine be 100 per minute, and 
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Fig. 3. 

the travel of the valve 3", the average speed of the 
valve in feet per minute is 

100x3x2 _600_ 

12 ""12 -^^"• 

Now, placing these values in the formula above, we 

have 

_, 1711-2x50 85,560 ^^ 

Horse.power= gg^QOO = S^pOO^^'^' 
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This may seem an abnormal power, but when the slia^ i ie 
valve is very dry it will not be far out. If the valic ;. /e 
could be kept well lubricated, a smaller co-efficient c )f 
friction than 0*2 could be used. 

Laws of Sliding Friction. — There are generally givei i 
in text-books on Mechanics the three so-called " Law^ ; 
of Friction." They are — , , 

I. The amount of friction is dependent upon the i 
nature of the materials in contact, and, when 
these remain the same, is in direct proportion 
to the pressure between them. 
II. The amount of friction is independent of the 
extent of the surfaces in contact so long as 
the " total " pressure between them remains 
the same. 

III. The amount of friction is independent of the 

velocity when the body is in motion. 
To which may be added also — 

IV. The friction of rest is greater than that of motion. 
These " laws " are due to Coulomb, who gave pub- 
licity to them in 1785, and they often bear his name ; 
but a name far more familiarly associated with them is 
that of the late General Morin, who, in the years 1830- 
1834, made at Metz a long and elaborate series of 
experiments with nearly every variety of constructive 
material. The apparatus which he used was in 
principle the same as that shown in Fig. 1, and his 
results verified the truth of Coulomb's laws. But it is 
important in all such experiments always to bear in 
mind the limits between which they were made, and 
not to consider that universal, which has only been 
proved within comparatively narrow limits. The limits 
of velocity and pressure between which Morin conducted 
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hise: P^^^kperiments are exceeded now in e very-day practice ; 
for ""i^^^instance, the greatest pressure in Morin's case 
bet? ^^een the surfaces was scarcely 130 lbs. per square 
incl A, and now-a-days 800 to 1,000 lbs. per square 
inc in are not considered excessive pressures for some 
be; Lrings. 

/During the last twenty years, however, there has 

bf /en considerable attention directed to the subject by 

F English and American engineers, and the light thrown 

1 Apon it by their investigations has shown, beyond 

/doubt, that these " three laws " are only true within the 

.'limits between which the experiments were conducted ; 

land, strange to say, that almost immediately Morin's 

I limits of pressure and velocity are exceeded, divergence 

/ from his results becomes unmistakably manifest. 

Again, the temperature does not seem to have been 

taken into account in his experiments, but M. Hirn, in 

t 1855, showed that the co-efficient of friction diminishes 

when the temperature is raised. 

.' The results of these more modern experiments with 

) regard to friction will be more in place when we come 

i to make a rapid survey of the work of Prof. Thurston, 

' Messrs. Galton and Westinghouse, Mr. Woodbury, Mr. 

Beaiichamp Tower, Mr. Stroudley, Mr. Goodman, and 

others. The greatest honour must of course be given 

to the one who first conducted any reliable experiments, 

and this, we are assured, will be given readily to the 

late General Morin by all those who have followed in 

.his footsteps, however much more light they may have 

contributed to the points he sought to elucidate. 

In a very interesting letter, dated March 15, 1879, 
addressed to the Secretary of the Institution of 
Mechanical Engineers, General Morin writes : — 
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" The results furnished by my experiments as tf ^"*' ]* 
relations between pressure, surface, and speed, on.^*^f| / 
one hand, and sliding friction on the other, have alf^* ^' ^ 
been regarded by myself not as mathematical laws/ .• • 
as close approximations to the truth, within the litf ^®^., i 
of the data of the experiments themselves. The saf^w^ , 
holds, in my opinion, for many other laws of practi i 
mechanics: such as those of rolling resistance, flijoej! 
resistance," etc. '^^ i^ 

Solid Friction. — (6) Boiling Friction, — Under this hea^^ 
comes the resistance experienced in causing one bodj 
of circular section to roll upon a surface so that succes-^ 
sive points on the rolling body come into contact witb 
the other surface. Remembering what was said as to 
sliding friction, that the asperities, or points on the 
surfaces, had continually to be unlocked or lifted over 
one another, it will clearly be seen that in rolling fric- 
tion they come into contact more as a wheel with teeth 
upon it would if rolled along a rack. Thus the friction 
is considerably less than in the case of sliding friction. 
The well-known use of rollers under a log shows that 
the principle was acted upon from time immemorial, if 
not stated in formal and explicit language. There is 
also, in rolling friction, to be taken into account the 
work absorbed in producing the rut that is po well 
illustrated when a cart-wheel runs on a road ; and even 
should the material return, in virtue of its elasticity, to 
its original surface, yet there is this resistance to be 
overcome. When the surfaces are very hard this is not 
so appreciable, but if one or both of the surfaces are 
very yielding, it very materially affects the co-eflScients 
of this kind of friction. 

Laws of Rolling Friction. — The following is an ap- 



FBICTION 19 

proximate statement of the laws governing rolling 
friction : — 
y l I. The amount of friction is considerably smaller 

• I than sliding friction. 

• • II. The amount of friction is proportional ta the 
^ pressure. 

III. The amount of friction is inversely proportional 
1 to the diameter of the rolling body (as may 
Tf easily be seen from the fact that a cart with 

large wheels is much easier to draw along 
then the same one with smaller wheels). 
When we speak of wheels or rollers for reducing 
friction, we have to bear in mind that they very nearly 
always run upon axles in bearings. This of course 
brings into consideration the sliding friction of the 
bearings, and therefore — 

IV. The amount of friction when a roller runs in 

bearings is less the smaller the radius of axle, 
and greater the radius of the wheel. 
Fluid Friction. — Strictly speaking, there is no friction 
among the pai'ticles composing liquids or gases as we 
generally understand friction ; this is evidenced by the 
fact that variation of pressure on the liquid or gas does 
not affect the friction observed, whereas when solids are 
experimented upon, it is a matter of every-day observa- 
tion that (everything else remaining the same) when 
the pressure brought to bear upon two bodies in con- 
tact is increased, the amount of friction experienced 
in sliding one upon the other is increased also. This 
leads us to the conclusion, that in the case of fluids the 
particles can move upon one another without friction. 
It is, therefore, generally considered among scientific 
men that fluid friction is caused by the eddies or whirls 
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which are set up in the liquid, such eddies absorbing 
energy from the body causing motion. 

Laws of Fluid Friction. — Professor Thurston, who 
has made a great variety of experiments as to it, gives 
the following laws as governing this kind of resistance 
to motion : — 

I. Fluid friction is independent of the pressure 

between the masses in contact. 
II. The resistance of fluids is directly proportional 
to the area- of the surface exhibiting it. 

III. This resistance is proportional to the square of 

the relative velocity at moderate and high 
. speeds, and to the velocity nearly at very low 
speeds. j 

IV. It is independent of the nature of the surfaces of 

the solid against which the stream may flow ; 
but it is dependent to some extent upon the 
degree of roughness of those surfaces. 

V. It is proportional to the destiny of the fluid, and 

is related in some way to its viscosity. 



CHAPTER III 

FRICTION (continued) 

Experiments of Galtoa and Westinghouse, Prof. Fleeming 
Jenkin, and Mr. Beauchamp Tower— Compound Friction- 
Experiments with Oil Ba£h. 

Experiments of Messrs. Oalton and Westinghouse.— In 
the year 1878 Captain Douglas Galton read a paper 
before Section G of the British Association giving the 
results of some experiments carried out by him in con- 
junction with Mr. Westinghouse upon the frictional 
resistances of brakes on railway trains. Through the 
courtegy of the London, Brighton and South Coast 
Railway Company, and the co-operation of their loco- 
motive superintendent, the late Mr. Stroud ley, M.I.C.E., 
these experiments were conducted on the line belonging 
to the above company. A carriage or van was also made 
specially for the purpose, having all the necessary re- 
cording instruments. Three sets of experiments were 
made : (a) between cast-iron brake-blocks and the steel 
tyres of the wheels ; (6) between wrought-iron brake- 
blocks and steel tyres of wheels ; and (c) the wheels 
being skidded by the brakes between the steel tyres 
and the st^el rails. It is almost unnecessary to remark 
that the surfaces were dry, and that deductions made 
from the following data apply to that division of our 
subject. 

The following is a table furnished by Captain Galton 

21 
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giving the observed co-efficients of friction between 
cast-iron brake-blocks and the steel tyres of the wheels 
at different velocities : — 



TABLE I. 



Average. 



Co-efficient of Friction between C. I. Brake-Blocks 
and Steel Tyres of Wheels. 





« 


Miles per 


Feet per 


hour. 


second. 


Under 5 


7 


„ 10 


14 


„ 20 


29 


„ 30 


43 


„ 40 


58 


„ 45 


65 


„ 50 


73 


„ 60 


88 



From com- 
mencement to 
end of first 
8 seconds. 



•360 
•320 
•205 
•184 
•134 
•125 
•100 
•062 



At from 
5 to 7 
seconds. 



•209 
•175 
•111 
•100 

•070 
•054 



At from 
12 to 16 
seconds. 



•128 
•098 
•080 

•056 

•048 



At from 
24 to 25 
seconds. 



•070 



•043 



From the above data we gather two important facts 
as to the laws governing friction. First, that the co- 
efficient of friction between the surfaces in motion is 
reduced as their relative velocity, i, e. their velocity with 
respect to each other, is increased. Second, that the 
co-efficient of friction at any one speed, say 20 miles an 
hour for example, becomes gradually less as the time 
the brake was in contact with the wheel was lengthened. 
Thus the co-efficient observed during the first three 
seconds, in the case when the velocity was 20 miles an 
hour, was '205. But between the 5th and 7th seconds 
of contact was only 175. Again, between the 12th and 
16th seconds it was reduced to '128, and again to '07 
between the 24th and 25th seconds of contact. Captain 
Galton remarked that " The longer the time the sur- 
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faces are in coDtact, tlie smaller appareotly does the co- 
efficient of friction become. This result appears more 
marked in the case of cast-iron blocks than of the wheel 
sliding on tlie rail ; at all events for the first 30 seconds 
of the contact, the arrangement not admitting of bhe 
experiments being carried on for a longer time. This 
efifect, however, does not appear to be unnatural, as the 
friction develops heat, and the consequent expansion 
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tends to close up tlie pores, and to make the heated 
surface a more uoitcd surface than the colder surface. 
Besides which, it is probable that, in the act of rubbing, 
small particles may be detached which may act as rollers 
between the surfaces." 

The above diagram (Fig. 4) shows a curve plotted 
out by the author from the values given in Table I., the 
perpendicular distance from the base line to the curve 
giving the value of the co-efficient for that velocity. It 
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will be seen that the decrease in the value of the co- 
efficient is less marked as the velocity increases. 

There are given also two more tables, correspondiog 
to the last two sets of experiments (b) and (c), of which 
those below are abridgments. 



TABLE II. 



TABLE III. 



Average. 


Co-efflcient of 
Friction between 

wrought-iron 
Blocks and Wheels. 


Average. 


Go-efficient of 

Friction between 

Steel Tyres and 

Steel Rails when 

wheels were 

skidded. 


MUes 

per 

hour 


Feet 

per 

second. 


From commence- 
ment to And of first 
8 seconds. 


Miles 

per 

ho\ir. 


Feet 

per 

second. 


From commence- 
ment to end of first 
8 seconds. 


18 
31 

48 


26 
45 
70 


•170 
•129 
•110 


10 
15 
25 
38 
45 
50 


14 
21 
36 
55 
65 
73 


•110 
•087 
•080 
•057 
•051 
•040 



Although we have not reproduced the figures in the 
above tables (II., III.), yet in Captain Galton's the same 
decrease in the co-efficient is noticeable as the time the 
brakes were in contact was lengthened. We have 
already given his judgment as to the' cause. 

.Experiments of Prof. Fleeming Jenkin. — In the Pro- 
ceedings of the Royal Society for March 22, 1877, there 
is an abstract from a paper contributed by Prof. 
Fleeming Jenkin on " Friction between Surfaces moving 
at Low Speeds." The results given, if not exactly 
important to us, treating the subject as we are from a 
commercial standpoint, are yet so exceedingly interest- 
ing that we briefly bring them under our readers* notice. 
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« 

They occupy a position as far on the one side of 
Morin's experiments as those, just described do on the 
other, Captain Qalton's velocity being very much higher 
than Morin's, and Prof. Jenkin's being at velocities so 
low that Morin's apparatus could not deal with them. 
It had occurred to Prof. Jenkin that there might very 
possibly be some kind of continuity between the 
friction of rest and the friction of motion, and that 
.there was not that abrupt change in the co-efficient of 
friction, when motion began, which had generally been 
assumed. His idea was that, as the relative motion 
of the surfaces became gradually slower, the co-efficient 
would increase also until it reached the larger value 
hitherto known as the co-efficient of rest. 

The limits of velocity between which the determin- 
ation of the value of the co-efficient . was made 
were 001 foot per second down to 0*0002 foot per 
second. Some idea of the low velocity may be gained 
if we point out that, assuming a body continued to 
paove with that velocity for a period of 1 hour 23*3 
minutes, it would have just gone one foot. At the 
higher velocity the body would cover one foot in 1'3 
minutes. The surfaces moving upon one another 
were — 



Steel on steel 
Steel on brass 
Steel on agate 
Steel on beech 
Steel on greenheart J 



Under all i Surfaces dry. 
-of the three < „ oiled, 
conditions I „ wet with water. 



He thus coiicludes : — " In the cases steel on beech, 
oiled or wet with water, and steel on greenheart, oiled 
or wet with water, the co-efficient of friction increased 
as the velocity diminished between the two limits given 
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above, the increase amounting to about 20 per cent, of 
the lower value. It appears that at the higher limit of 
velocity there was little further tendency to change in 
the co-eflScient, but it is impossible to say how much 
additional change might have taken place between the 
lowest limit of velocity and rest. In the case of steel 
on agate wet with water, there was a similar but much 
less marked increase as the velocity decreased. In all 
other cases the friction seemed to be perfectly constant 
and independent of the velocity. Out of all the sets 
of circumstances investigated, the only ones in which 
there was a large diflference between the static and 
kinetic (rest and motion) values of the co-efficient of 
friction were tho^e in which a decided increase was 
observed in the kinetic value (that of motion) as the 
speed decreased. This result renders it exceedingly 
probable that there is continuity between the two 
kinds of friction." 

The following table will present more graphically to 
the eye the relation in which these three sets of 
experiments stand to one another than any amount of 
descriptive matter :-^ . 

Sfame of Lowest Highest 

Experimenter. Velocity. Velocity. 

Jenkin . . . '0002 ft. per second . . '01 ft. per second. 
Morin . . . 1 ft. per second (about) . 10 ft. per second. 
Galton . . . 7 ft. per second (about) . 88 ft. per second. 

Compound Friction. — The experiments just adduced 
were in connection with solid friction, but the account 
of the experiments that follows deal with compound 
friction, as it is exhibited in the case of lubricated 
journals. It will be recollected that we did not enlarge 
on compound friction when it was referred to on 
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p. 11 because, to properly treat of it, the laws gov- 
erning the two varieties of friction, solid and fluid, 
must be, at least, briefly treated of first. It has been 
sufficiently clearly explained that compound friction is 
a combination of solid and- fluid friction, and now our 
readers will readily follow us when we say, that as the 
conditions of lubrication more nearly approximate to 
either of these, so the results will show that the 
frictional resistances are governed by the laws which 
are observed to act in that kind of friction to which it 
approximates. The method, then, by which we .intend 
to point out the Jaws governing compound friction is 
to briefly summarize the results of the most important 
investigators. For laws, after all said and done, are 
only abstractions from sets of uniform facts, so that 
given the facts we are better able to judge what would 
occur under slight modifications of conditions than if 
we were tried by rigid and inflexible rules. 

Mr. Beauchamp Tower*s Experiments. — In the year 
1883 Mr. Beauchamp Tower presented to the Institu- 
tion of Mechanical Engineers a report upon certain 
experiments onV* The Friction of Lubricated Bearings 
and on the Value of Diflferent Lubricants," made by 
him under the auspices of that institution. The 
journal experimented upon was 4 in, diameter by 6 
in. long. The general arrangement of the machine 
which was used is shown in Fig. 5. Although 
experiments were made as to the relative value of 
different methods of applying the lubricant, yet it was 
deemed necessary to have a standing method that 
might be easily and accurately reproduced again and 
be at the same time uniform in its action. This wbs 
found to be fulfilled by the oil bath, that is a receptacle 
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under the bearing containing oil, so that the under 
side of the shaft is always kept in contact with the 
oil. It will be seen in the figure that the brass 
experimented with embraced only one-half of the 
journal, leaving room for the oil bath underneath. It 
is impossible, so far as we see, to obtain a more perfect 




Mr. Tower's Machine. 



>!.— Journal to be tested. 

B.—Oi\ Bath. 

C— Brass. 

D. —Stepped Pulley to give different speeds. 

£*.— Weights measuring directly moment of friction. 

F. — Multiplying Lever to detect movement in arm. 
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method of lubrication than the oil bath, so that the 
results obtained from this method of lubrication may 
be considered the best attainable, every condition being 
taken that possibly could be to reduce the value of the 
co-eflScient of friction. 

Experiments with Oil Bath. — The first point to be 
noted in the oil-bath experiments is that the co-efficient 
of friction became less as the load per square inch on 
the brass became greater, the velocity of the bearing 
and its temperature remaining the same. Within 



ordiDary working limits the co-efficient varies inversely 
as the load ; that is, if the load be doubled, the co- 
efiScteot will be halved. We have picked out two cases 
to illustrate our meaning irom among those given by 
Mr. Tower. 

Case I. Bath of olive oil. 

Load per eq. in., 258 lbs. 



i^"* 
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Thus, the load being practically doubled — 520, instead 
of 258 lbs. per square inch — the co-efficient is halved, 
being -001 instead of 002. 

Case II. Bath of mineral oil. BevB. per min., 300, 

Load per aq, in., 100 Iba. Co-eff. of fric, -0062, 

„ „ 310 „ „ „ ■00207, 

where, with different nature of oil and with much 
higher velocity, the co-efficient of Motion is reduced 
by one-third when the load is practically trebled. 
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The second point to be noted is, that as the velocity, 
or number of revolutions, increases, the value of the 
co-efiBcient increases too. We have shown, for solid 
friction, tjiat there is (see Fig. 4) a decided decrease in 
the value of the co-eflScient as the velocity increases, 
while the theory of fluid friction requires that the 
value of the co-efficient should increase as the square 
of the velocity. Thus it will be seen how that com- 
pound friction follows in this matter the laws that 
govern fluid friction rather than those that govern 
solid friction. The curve plotted out in foregoing 
diagram (Fig. 6) shows this increase. It has been 
plotted from the tables of Mr. Tower, and shows that 
the increase is directly as the square root of the 
velocity. 

The third point to be noted is the marked way in 
which the co-efficient of friction diminishes as the 
temperature rises. We append (Table IV.) a few 



results showing this. 



TABLE IV. 



Bath of Lard Oil. Load, 100 lbs. per sq. in. Revs., 100 per min. 



Temperature, Fahr. ... 60 



Co-efficient of Friction... 0059 -0048 '0040 '0034 




80 




120 



•0024 



It will be remembered that Captain Galton accounted 
for the diminution in the value of the co-efficient after 
the brakes had been in contact some seconds by 
reference to a rise in temperature due to the rubbing, 
his suggestion being well borne out by the above. 

The fourth point to be noted is the way in which, 
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with oil baths, the* journal was entirely oil borne, the 
pressure of the film of oil between the journal and 
brass being easily measured by a pressure gauge. Mr. 
Tower found that, by taking the number of readings 
on various parts of the brass, the average pressure per 
square inch was exactly equal to the load per square 
inch on the brass. This conclusively proves that 
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no friction took place between metal and metal. The 
pressure was greatest at the top of the brass on the 
off side (see Fig. 7), and amounted to twice the mean 
load per square inch on the journal. 

Experiments with Ordinary Methods of Lubrication. — 
In the experiments made with ordinary methods of 
lubrication the first point to he noted is that the 
co-efficient of friction was more nearly constant under 
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varying loads, especially with oil pad under journal, 
and thus showed that the friction more nearly follows 
solid friction as insuflScient lubrication is allowed. 

Hie second point to he noted is that the co-efficient 
of friction does not show any decided tendency to 
increase with increase of velocity, as in case of oil- 
bath experiments, again following more closely solid 
friction. 

The third point to be noted is that the part of the 
brass where the greatest pressure exists is the wrong 
place to introduce the lubricant, it being found that it 
was impossible to force it down between the journal and 
brass even when there was a head of seven inches of 
oil above the journal. 

The fourth point to he noted is the proportion which 
the co-efficients of friction bear to one another when 
various methods of applying the lubricant are used. 
These are shown in the following table furnished by 
Mr. Tower. The lubricant was rape oil, the revolutions 
150 per minute, and the load per square inch about 
260 lbs. 

Co-efflcient of Comparative 

friction. values. 

Oil bath -00139 1 

Pad under journal -00900 6*48 

Syphon lubricator -00980 7 06 

Generally speaking, we gather that with the most 
perfect method of lubrication the laws governing the 
friction are more nearly akin to those which apply to 
fluid friction ; but that as the lubrication became less 
efficient, the laws of solid friction became more generally 
applicable. Mr. Tower remarked in the discussion 
which took place, that the most important practical 
lesson to be leamt from these experiments was, in bis 
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opinion, the value of profuse lubrication and the great 
diminution of friction obtained thereby. The greatest 
pressure per square inch of journal was 625 lbs. beyond 
this brass seized, the greatest velocity was 450 revolu* 
tions per minute; that is 471 ft. per minute, or 7*85 ft* 
per second, at the outside surface of the journal* The 
lowest co-eflScient obtained was with the oil bath, using 
olive oil, when the pressure per square inch was 520 lbs., 
the revolutions 150 per minute (giving a velocity at 
the surfaces of 157 ft. per minute, or 261 ft. per 
second), as low a value as 0*0008 being then obtained. 

When, however, the pressure upon a bearing is 
exerted at definite intervals, and then only for a short 
time, as in the case of the eccentric pins of punching 
machines, where a pressure amounting to two tons per 
square inch is usual at the moment of shearing, the 
results given above will, of course, not hold ; the time 
during which the pressure acts being too short to 
squeeze out the film of oil, seizing or abrasion taking 
place when the metals come into direct contact 

We just add that in the above experiments, as is 
usual in engineering circles, the pressure per square 
inch on a bearing is calculated by dividing the total 
pressure upon the bearing by the product of the 
diameter into the length of the bearing ; thus, if the 
load were 2,400 lbs., and the journal 4 in. diameter by 
6 in. long, the pressure per square inch would be 

l-^l = 100 lbs. 
4x6 
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EXPERIMENTS ON FRICTION 



Experiments of Mr. A. M. Wellington, Mr. C. J. H. Woodbury, 

tod Mr. Goodman. 

Experiments of Mr. A. M. Wellingfton. — Eighteen 
years ago Mr. A. M. Wellington read before the 
American Society of Civil Engineers a paper, giving 
a very interesting and instructive account of some 
experiments carried out by him, with the special object 
of determining the amount of journal friction at very 
low speeds. The chief thing before him was the 
friction to be overcome in starting from rest, in the 
case of railway journals, or what the author names 
initial friction. He had already — 1878 — made some 
experiments with actual loaded trucks and cars upon 
a gradient — ^generally known as the " drop test " — in 
order to ascertain this; the result being obtained by 
noticing the difference between the time theoretically 
required to reach certain fixed distances from the 
starting-point and the time actually taken. The 
experiments which formed the subject of the paper 
read in 1884 were made to corroborate those made by 
the drop test. The machine used was in many respects 
like that of Mr. Tower's (Fig. 5, page 28), but the load, 
instead of being applied directly as in Mr. Tower's, 
was applied through levers which multiplied a small 
load* The scale pan was dispensed with, the lever 
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resting upon the table of an ordinary railway-station 
weighing machine; this was found to give in every 
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way satisfactory results. The journal experimented 
upon was i^ inches diameter by 7 inches long, 10 
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revolutions per minute of which answered to that 
which would be produced by a train with the standard 
wheels moving at the rate of one mile per hour. 
Two methods of supporting the bearing were tried : 
first, an ordinary brass, such as is usual in axle boxes ; 
and secondly, the Higley Patent Roller Bearing, where 
the axle runs upon two rollers, which are each supported 
upon two small bearings If in. diameter by 4 in. long. 
Fig. 8 gives an outline , showing the way the journal 
or axle is supported, the brasses which carry the ends 
of the rollers not being shown. 

The method of lubrication adopted was free lubri- 
cation by means of a pad. The lubricant was mineral 
oil. The comparison of the results of the two kinds of 
bearings is very interesting, as it gives us an insight 
into the behaviour of roller bearings, and their value 
in relation with ordinary journals. The experiments 
showed that the Higley bearing was very eflScient for 
low speeds. In two experiments under the same con- 
ditions, viz. total load on journal = 13,439 lbs., and 
just starting from rest, the co-efficients were as 0*0245 is 
to 01 12, that is, the ordinary bearing four and a half 
times as difficult to rotate as the Higley ; but with the 
same load, and at a velocity of 100 revolutions per 
minute, corresponding to a train velocity of nearly 
ten miles per hour, the co-efficients were as 0*011 is 
to 0*019, or as 1 is to 1*7, which is a very marked drop. 
The two curves in Fig. 9 show graphically the results 
obtained under similar conditions, tKe top curve being 
obtained from the ordinary journal, and the bottom one 
from the Higley roller bearing. The curves give the 
impression that had the experiments been extended to 
higher velocities, there would have been no advantage 
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OQ the side of the patent bearing. As we should expect, 
trucks fitted with these bearings can be pushed about 
the yard with great facility, and their adoption for tram- 
cars seems a move in the right direction, seeing that 
they are so constantly starting and stopping, and never 
move at any high velocities. The investigations of Mr. 
Tower did not touch at all on one of the chief ends to 
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which Mr. Wellington's tests were directed — initial 
friction, as he calls it. His conclusions, somewhat 
abbreviated, made under five heatls, were as 
follows : — 

1. Friction at very low journal velocities of + * is 
abnormally great, and more nearly constant than any 
other element of friction under varying conditions of 
lubrication, load, and temperature. It varies from 0*09 

* The symbol + is used to denote a very low velocity— 
liardly nppreciable in extent. 
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to 012 for loads of 30 to 280 lbs. per square inch. 
Within these limits it is not greatly modified by load or 
temperature. 

2. This abnormal increase of friction is due solely to 
the velocity of revolution, continuing unchanged so long 
as the velocity is unchanged, and returning to the same 
amount whenever the velocity is reduced to the same 
rate. It is not appreciably affected by the fact that the 
journal may be just starting into motion, or is just 
coming to rest, or is temporarily 'reduced to a velocity 
of + during continuous motion. 

3. At velocities higher than + , but still very low, 
the same general law obtains. The co-efficient falls 
very slowly and regularly as the velocity is increased, 
but is constantly more and more affected by differences 
of lubrication, load, and temperature. 

4. A very slight excess of initial friction proper 
could generally be observed over that which continued 
to exist at the nearest approach to a strictly infinitesimal 
velocity which it was possible to obtain. 

5. There is no such phenomenon in journal friction as 
di, friction of rest or quiescence in distinction from (that is 
differing in amount from) friction of motion at slow 
velocities and due to the fact of quiescence. Con- 
sequently the use of such a term, although convenient, 
is scientifically inaccurate, in that it ascribes the 
phenomenon to a wrong cause, and to a cause which 
is not necessary for its existence. 

His conclusions agree well with those we have been 
referring to in our last chapter, in which we pointed 
out that the investigations of Prof. Fleeming Jenkin 
tended to show that there was no abrupt change 
between static and dynamic friction, in fact no reason 



EXPERIMENTS ON FRICTION 3& 

why we should introduce two terms, for without 
contradiction they were used as names for quantities 
which differed from each other in more ways than 
one. 

Experiments of Mr. Woodbury. — Mr. C. J. H. Wood- 
bury, of Boston, Mass., U.S.A., in the years 1880 and 
1884, read two papers before the American Society of 
Mechanical Engineers, entitled " Measurements of the 
Friction of Lubricating Oils." The experiments which 
these papers described were conducted in the interests 
of the Mill Mutual Assurance Companies of NewEngland. 
It may seem, at first sight, strange that underwriters 
should be interested in the properties of lubricating oils, 
but when we consider how many disastrous fires in cot- 
ton mills owe their origin to the use of indiflferent oils, 
it will be seen that they have, in order to guard their 
own interests, to take advantage of all that the latest 
theoretical knowledge can suggest or ingenuity devise. 
It will be observed that these experiments were not to 
test journal friction, but the relative values of different 
oils for lubrication. 

After trying nine diflferent machines and not being 
able to obtain satisfactory results, Mr. Woodbury de- 
signed a special machine embodying those points that 
were found to be desirable, and yet not found combined 
in any one machine that he tried. It may be pointed 
out that the pressures per square inch of surface were 
very low, varying from 1 lb. to 40 lbs. per square inch, 
so that a machine well adapted for heavier work would 
not be sensitive enough in this case. It was found that 
the following must be known or preserved constant, in 
order to obtain a useful machine: — The temperature, 
the velocity, the area of the frictional surfaces, the 
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thickness of the film of oil between the surfaces, and 
the mechanical eflfect of the friction. 

The machine devised consisted of two annular discs 
rubbing together, the lower one of hardened tool steel 
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Fig. 10. 

and the upper one of hard bronze, coated with a thin 
film of platinum. The outside diameter of the discs was 
4*578 inches, the inside diameter being 2*868 inches. 
This encloses an area of rubbing surfaces of 10 square 
inches. The mean velocity of the rubbing surfaces was 
obtained by finding the length of that circle, which would 
just divide the annulus into two equal areas, as shown 
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by the dotted line in -Fig. 10. The diameters of the 
discs were so proportioned that this line wi^ 12 inches 
long, so that the number of revolutions per minute gave 
in linear feet the mean velocity at which the top surface 
passed over the bottom one. Means were adopted so 
that no heat escaped by radiation, that the temperatures 
could be accurately ascertained, and that water at freezing 
point or other temperatures could be introduced so as to 
preserve even temperatures. 





TABLE 


V. 






Friction op Paraffin Oil.— Velocity of Rubbing, 300 ft. per 


minute. — Flashing Poii 


it, 342 deg 


;. F. Spec 

Temperat 


dfic Qravit 


,y, 0-888. 


• 


ure, Fahr. 


Pressure in lbs. per 






square inch. 












40 deg. 


60 deg. 


80 deg. 


100 deg. 


1 


0*5380 


0-3400 


0-2120 


0-1380 


5 


0-1400 


0-0900 


0-0620 


0-0436 


10 


0-0836 


00554 


00402 


00302 


15 


00633 


00435 


0-0325 


0-0257 


20 


0-0528 


00375 


0-0289 


00227 


26 


00460 


0-0336 


00265 


00210 


30 


00413 


0-0307 


00246 


0199 


35 


0-0376 


00286 


00231 


00190 


40 


00349 


00271 


00221 


0181 



The above table gives the most important results of 
Mr. Woodbury's experiments, and careful consideration 
of them will verify what that gentleman observed, 
"that in a general way the co-efficient of friction 
diminishes inversely with the pressure and directly 
with the fluidity of the oil as indicated by the temper- 
ature (the greater the temperature, the more fluid the 
oil), and that the rate of these diflerences diminishes 



42 FRICTION AND ITS REnUOTION 

witli the increase of pressure. The reasou for this is 
that the resistance due to the viscosity of the oil is 
greater at low than at high temperatures, and that with 
heavier pressures the film of oil is actually thinner, 
besides being relatively smaller in proportion to the 
pressure." 



Fig. 11. 

The way in which Mr. Woodbury explains the 
manner in which the films of oil act is worthy of notice. 
He says : " A film of the lubricant adheres to each of 
the frictional surfaces, and that portion which lies 
between these two films is pulled in one direction on 
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one side, and in the other direction on the other side, 
and as a resultant, the movement of this centre layer is 
a rolling motion, whose rate of progression varies with 
the difference between the adhesion of the oil between 
the two frictional surfaces/* 

He also gives an account of the test made with a 
very limpid mineral oil, which, as soon as the tempera- 
ture passed 80 deg. Fahr., was so incapable of withstand- 
ing the light pressure of 33 lbs. per square inch that it 
permitted the dies to touch one another, thus raising 
the value of the co-eflScient by the addition of sliding 
to fluid friction. A very complete test record was 
given, from which the figures in Table VI. have been 
taken, and also from which the diagram. Fig. 11, has 
been prepared. The dotted line shows how a less fluid 
oil would have gone on with a reducing co-efficient as 
the temperature rose. 



TABLE VI. 

Friction op Paraffin Oil (very limpid). — Velocity of Rubbing, 
296 ft. per iiiinnte. — Pressure per square inch, 33 lbs. 



Temr. 

F. deg. 
35 
40 
45 



Co-eff. 


Temp. 
F. deg. 


Co-eflf. 


Temp. 


Co-eff. 


Temp. 






F. deg. 




P. deg. 


004&5 


50 


0325 


65 


00288 


85 


00371 


55 


00310 


70 


00275 


90 


00344 


60 


0-300 


75 

80 


00265 
00260 


95 



Co-eff. 



00261 
00297 
00370 



We have now to call our readers* attention briefly to 
Experiments of Hr. Ooodman, which will bring this 
section to a close. 

The experiments were carried out upon a machine 
similar to that of Mr. Tower's, but with several 
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modifications introduced by Mr. Goodman. The 
bearing was 2 in. diameter, and the brass 4 in. long. 
One of the chief points to which attention was directed 
was '*to find what relation exists between the total 
frictional resistance of a brass and the chord of its arc 
of contact with the journal." Lubrication was carried 
out under four different conditions — 





Fig. 12. 



1. *' Perfect, or oil bath," as described in Mr. Tower's 

paper. 

2. "Satuated pad, in which a pad, standing in oil, was 
placed so that its upper part pressed on the bottom of 
the shaft, and which represents the maximum efficiency 
of pad lubrication." 

3. " Ordinary pad, where a pad was used with a ver)^ 
meagre supply of oil, namely, 0*02 lb. of oil on 05 lb. of 
pad. This was found, by experiment, to be the smallest 
quantity consistent with safety, and represents the 
minimum efficiency of pad lubrication, the pad used in 
general practice coming between these limits." 



EXPERIMENTS ON FRICTION 



45 



4. " The syphoQ lubricator, provided with lamp 
cotton to feed three drops of oil per minute." 

The -chords of contact varied from 2 in. subtending 
an angle of 180 deg. to J in., which subtends an angle 
of 29 deg. Fig. 12 shows the two extreme cases. 

Mr. Goodman found that the total frictional resistance 
was reduced by reducing the width of the brass. This 
will be seen by consulting the two following tables, 
which have been compiled by taking the results observed 
when the load on the brass was 300 Ih^., which is about 
a mean value, for the loads varied by increments of 
50 lbs., from 50 lbs. to 550 lbs. 

Table VII. gives the results for 233 revolutions per 

minutCj and Table VIII. for 15 revolutions per 

minute. 

TABLE VII. 

Total Load on Brass, 300 lbs. — Revolutions per minute, 233. — 

Temperature, 40 deg. Cent. » 



Length of Chord of B 
in Contact. 


rasu 

• • • 

• • • 

• • • 

• • • 


2 in. 

1 


If in. 


IJ in. 

0-0071 
0-0080 
0-0196 
00231 


1 in. 

00037 
00066 
0-0128 
0-0150 


^in. 


Bath Lubrication 
Sat. Pad „ 
Pad 
Syphon „ 


0103 
00143 
0-0285 


0-0081 
00134 
00238 


0-0028 
0-0036 
0-0094 
0-0196 


TABLE VIII. 

Total Load on Brass, 300 lbs. — Revolutions per minute, 15.— 

Temperature, 20 deg. Cent. . 


Length of Chord of Brass 
in Contact. 


2 in. 


l|in. 

1 


IJin. 


•1 
1 in. ! ^ in. 

! 


Bath Lubritjation 
Sat. Pad „ 
Fad 
Syphon „ 


• • • 

• • • 

• ■ • 

• • • 


0-0031 
0-0038 
0-0065 


0-0024 
0-0031 
0-0042 


0-0021 
00024 
0-0030 
0-0115 


00016 
0-0015 
0-0019 
0-0066 


0-0049 
0-0016 
00016 
0-0595 
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By taking an average of all the figures given in the 
foregoing two tables we obtain an instructive comparison 
of the four diflferent ways used for lubrication. Thus, 
considering the oil-bath method as unity, the others 
stand : — 

Saturated pad 1"28 

Pad with little 1 iibricant 2*32 

Syphon ... ... 4*8 

It was to be expected that the diminution of the co- 
efficient of friction with the reduction of width of the 
brass would stop somewhere, and increase with any 
further reduction in the width of the brass, depending 
to some extent upon the method of lubrication, etc. 
This can be seen in Table VIL in the results .opposite 
the syphon method, where the co-efficient increases 
from 0015 for 1 in. width to 00196 in. for J in. width. 
Again, in Table VIII. there is a similar change when 
the brass is reduced from 1 in. to J in. wide in the case 
of bath lubrication, thus showing that a decrease in the 
number of revolutions and in the temperature affects 
the turning-point. 

It is also noticeable, that at the lower rate of revolution 
the rate of change in the value of the co-efficient is not 
so marked as with the higher rate of revolutions either 
when the load varied or the width of the brass. This 
agrees with what Mr, Wellington pointed out about 
low velocities. 

Mr. Qoodman also made some experiments upon a 
ball bearing taken from a " Rudge " bicycle. It was 
composed of 11-ball yV ^^' diameter. The diameter of 
the groove in which the balls ran was 0*875 in. 

The following laws appeared to hold good for the 
special bearing under consideration : — 
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I. The co-efficient of friction of ball bearings is con- 
stant for varying loads, hence the frictional resistance 
varies as the load. 

II. The friction is unaflfected by a change of 
temperature. 

III. The co-efficient of friction with ball bearings i» 
rather higher than that of plain bearings, when batb 
lubrication is used ; but it is lower than when they are 
lubricated by the ordinary methods. 

IV. They will also run easily with a much smaller 
supply of oil than will a plain bearing, hence there is* 
a decided advantage in favour of ball bearings. 

It is worth our readers' while to compare theseP 
results with those obtained from the Higley Patent 
Bearing. 

The work done by Prof Thurston has not escaped 
our notice, but although confirming what we have 
already brought before our readers, it deals more 
especially with the values of diflferent kinds of oil for 
lubricating purposes, and will, consequently, find a 
better place when we come to that part of our subject. 
It is intended in our next chapter to commence the 
consideration of lubricants themselves, the various kinds, 
and the more common and easily applied tests for 
them. 
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OILS AND LUBRICANTS 



Methods Adopted for the Reduction of Friction — Lubricants- 
Effect of Heat on Oils — Oxidation — Grit in Oils — Co-efficient 
of Friction. 

Methods Adopted for the Keduction of Friction. — In 
order to form a correct judgment as to the most suitable 
lubricant to employ under any given set of conditions, 
it is essential that we should have a general idea of the 
different classes of oils and other lubricants in general 
use ; not, of course, to obtain an exact knowledge of all 
the processes of manufacture, for that is a distinct 
industry in itself, and means that a person has to apply 
the greater part of his days to it. An outline of the 
comparative value of lubricants, both commercially and 
in connection with lubrication, and also a few simple 
methods of testing their properties and detecting any 
adulteration, must be expected in any who would desire 
to attain economy in lubrication. Of course, it is a very 
easy thing to ask for a set of rules to guide, but the true 
way, as we see it, is to understand the first principles of 
the matter, and then, with the help of those rules or 
suggestions which long and special acquaintance with 
the subject can afford, to select that which will be the 
most advantageous to use. In this, as in every other 
kind of knowledge, some small amount of trouble is 
necessary in order to become acquainted with a general 
s8^ of the question, and then a slight application of 
^ 48 
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common-sense in order to put two and two together, 
and arrive at a conclusion, as in every case the lubricant 
must be selected with care and regard to the work it 
has to do. 

Lubricants. — These may be divided, for convenience, 
into three classes : — 

Liquid, 
Semi-solid, 
Solid, 
Tlie two latter classes are not used so largely as the 
first class, which embraces the oils in general use. 
Under the head of solid lubricants come plumbago or 
graphite and soapstone, with various patent compositions 
of which one or other of the above forms the principal 
ingredient. Semi-solids are those compositions, such as 
axle grease, which are solid at ordinary temperatures, 
but become more fluid as the bearing heats slightly. 
These will be considered at greater length when we have 
taken a rapid survey of the first class. 

Liquid TyuWicants or Oils may be divided into three 
distinct classes in keeping with the three great kingdoms 
in nature, from which they are severally derived. 

I. — Animal Oils, 
II. — Vegetable Oils, 
and III. — Mineral Oils, 
to which may be added a fourth, viz. — 

IV. — Compound Oils, 
artificially obtained by the combination of mineral with 
either animal or vegetable oils. Of these, animal and 
vegetable oils are more costly than mineral oils, but up 
to within some few years they were almost exclusively 
used for lubrication ; but since the utilization of petro- 
leum has made such immense strides, the mineral oils, 
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either pure or compounded, as indicated above, have 
rapidly taken the leading place in the market. 

Animal Oils naturally divide themselves under two 
heads, (1) animal oils proper, and (2) fish oils. The 
principal ones in common use derived from animals are — 

Lard and Lard Oil, 
Neatsfoot Oil, 
Tallow and Tallow Oil, . 
and Bone Oil. 
Those that come under head (2) are — 

Sperm Oil, 
Whale Oil, 
Seal Oil, 
and Cod Liver Oil. 
Among these sperm oil is, without doubt, the best 
lubricant, especially for light work, both in its friction- 
reducing qualities and its power of endurance, or life. 
For heavy work it is not so suitable as some of the 
heavy vegetable and mineral oils. It is hardly necessary 
to add, that it is by far the most expensive oil in the 
market, so that its use is restricted in great measure. 
Neatsfoot and lard oils come directly after sperm, and, 
though inferior to it (see Table IX.), are yet excellent 
lubricants, and are used more extensively than any 
other of the animal oils. Tallow is also a good and 
much-used lubricant. 

Vegetable Oils, — Of these the principal oils in every- 
day use are — 

(a) Linseed Oil, (h) Olive Oil, 

Hempseed Oil, Palm Oil, 

Poppyseed Oil, Rapeseed Oil, 

Nut Oil, Colza Oil, 

Almond Oil. 
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Those under the head (a) are commonly known as 
drying oils, on account of their readiness to absorb 
oxygen from the atmosphere, especially when in thin 
layers, and become gummed, a property of considerable 
value for the purpose of paint making, but which 
renders them of no value as lubricants. 

Tlie list on the right-hand side are called non-drying 
oils, as they exhibit very little of the above-mentioned 
tendency, and, consequently, are free for the purposes of 
lubrication. Olive oil is the best vegetable lubricant ; 
it ranks equally with lard or neatsfoot in its lubricating 
properties, its commercial value being about the same 
as those. 

Between these two divisions come castor and cotton- 
seed oils, which cannot be termed non-drying, and yet 
are not so rapidly gummed as to be entirely worthless 
as lubricants. Cotton-seed oil is, or was, much used in 
the United States of America ; and castor oil, on account 
of its great "body," is still often used for heavy 
machinery, such as the shafting of screw-ships, though 
some consider it far too thick for even the heaviest 
machinery in this climate. If used it should be fresh. 

Mineo'al Oils are generally divided into two classes : 
shale oils, obtained by the distillation of bituminous 
shales, such as are found in Scotland and elsewhere, 
cannel coal and coal tar. To these may be added the 
distilled oils, obtained by distillation and subsequent 
condensation from the residues obtained in refining 
petroleum for illuminating purposes. The oils after 
distillation are subjected to chemical treatment with 
acid and alkali washing, which chemical treatment, 
as will be afterwards explained, it is very difficult to 
remove every trace of. These oils, having a good pale 
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appearance, are often attractive, but the treatment 
they undergo reduces their body and lowers their 
flashing point, of which more anon. 

The other class, natural oils, are obtained chiefly 
from the United States of America, although some 
come from the oil fields of Russia, and need little or no 
treatment to fit them for the purposes of lubrication, thus 
giving rise to their name. They have been divided into 
three classes by Mr. Brannt, of America, as follows ; we 
give his words : — 

1. Natural oils requiring no treatment. — The amount 
of oil suitable for general lubrication without some 
naanipulation is very small in comparison with the 
quantity used for that purpose. Pure natural West 
Virginia oil of a specific gravity of '880 is suitable for 
all kinds of heavy machinery, and will remain limpid 
in cold climates. 

2. Natural oils requinng only exposure to the air for 
the removal of adhering light vapours. — Crude oils of 
specific gravity *875 and under are brought into tanks 
partially filled with water and exposed to the action of 
the sun and air from twenty-four to forty-eight hours, 
according to the quantity of volatile oils present. 

3. Natitral oils reduced hy steam heat in open vessels, — 
The oil is brought into tanks partially filled with water, 
and provided with coils of steam pipes and heated to 
110 deg. Fahr. By this arrangement oil of about '864 
specific gravity is reduced in two or three days to about 
•880 without any impairment of quality. 

Natural oils having undergone no chemical treatment 
are much more suitable for use in cylinders, and, in fact, 
upon any metallic surface,, whether heated or not. 

Properties of LubricaAts.— The properties characteristio 
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of good lubricating oils must now be considered as well 
as those features which, while found in many oils, render 
them practically useless for our purpose, and which, 
therefore, it is desirable should be absent as far as 
possible, or, if not entirely absent, to a large extent 
heutralized. 

Body, — The first property to be considered is the body 
of the oil, often termed its " viscosity " or " fluidity." 
This is really, in plain language, the thickness of the oil, 
and is generally measured by the number of seconds of 
time which it takes a definite quantity to pass through 
an aperture so small that it can only pass through in 
drops. A standard graduated glass vessel being used 
for this purpose, a relative value can be obtained and 
used for comparison with other oils. Means are also 
provided in order that the " body " may be determined 
at any desired temperature, which is very important in 
the case of cylinder oils, which must maintain their 
" body *' at the temperature of the steam admitted to 
the cylinder. Mr. J. Veitch Wilson, chief of the lubricat- 
ing oil department of Price's Patent Candle Company, 
who has made a special study of this subject, made 
some experiments with various oils in order to find 
whether thick or thin oils gave the best results in redup- 
ing friction and heat in machinery. In Table IX. we 
reproduce his results. The last column shows the 
average temperature the bearing ran at, and gives a 
measure of the oils value in reducing friction. It will 
be remembered that we have pointed out in a previous 
chapter that the friction of a lubricated bearing consists 
of two parts — the fluid friction of the lubricant, and the 
friction due to any contact there may be between the 
bearing surfaces of the metals. The values given below 
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embrace both of these, although the predominating 
part will be the fluid friction of the oil. 



TABLE IX. 



Name of Material. 



Spec. grav. at 
60deg. Fah. _ 



Water 


1000 


Castor Oil 


•960 


Resin Oil 


•990 


Engine Tallow 


— 


Tallow Oil ... 


— 


Neatsfoot Oil ... 


— 


Rape Oil 


•916 


Lard Oil 


•916 


Olive Oil 


•915 


Sperm Oil 
Mineral Oil . . . 


•880 


•905 


j> » ••• 


•875 



Body, in Seconds, at 



60dg. F. 



Solid 

143 

112 

108 

96 

92 

47 

45 

30 



120 dg. F. 



132 



41 
37 
40 
41 
38 
37 
30 



ISOdg. F. 



26 
25 
29 
30 
28 
28 
25 



Heat 
Developed. 



— I Fahr. 
41 



158 deg. 
155 deg. 



141 deg. 



148 deg. 
146 deg. 
143 deg. 
133 deg. 
121 deg. 
117 deg. 



The lubricants are placed in the order of their "body " 
at 60 deg. Fahr., and it will be noticed that with one 
exception — tallow, the body of which alters rapidly 
with the temperature — the average temperature was 
lower, showing the friction was less, as the '* body " of 
the oil became less. Mr, Wilson concludes from these 
experiments that ** the thinnest oil that will keep the 
surfaces apart is the best and most suitable for any bear- 
ing, and that extra thickness means a higher temper- 
ature and greater driving power." This agrees with 
what Prof. Thurston says : — " In order that any substance 
may be efficient as a lubricating material, it must 
possess (1) enough " body " or combined capillarity and 
viscosity to keep the surfaces between which it is inter- 
posed from coming in contact under maximum pressure; 
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(2) the greatest fluidity consistent with the preceding 
requirement — i.e. the least fluid friction allowable. 
The fluidity of the oil is not only different in different 
cases, but is very variable with change of temperature." 
He (Mr. Wilson) found, however, that the mineral oils, 
whilst possessing great fluidity, yet were soon exhausted, 
and the bearing ran dry, showing that though fluidity is 
desirable as giving less drag on a bearing, yet a certain 
amount of body cannot be dispensed with, since it is 
necessary to secure endurance in the lubricant. The 
animal and vegetable oils, on the other hand, are by no 
means deficient in this important respect, and are, on 
this account, often mixed with mineral oils to impart 
body to them. The best oil for this purpose is sperm, 
although lard, neatsfoot, and olive oils are in general 
usage. Thus the best properties of both kinds are 
secured. 

Acidity and Decompositimi, — It is highly desirable 
that all lubricants should be free from any ingredient 
that would attack and cause the corrosion of metals. 
Such corrosion is caused by the presence of acids. 
These may be present from two causes — (1) natural free 
acids, and (2) from traces of the acid which has been 
used in refining the oil. There is another cause which 
may give rise to their presence, and that is when a 
vegetable or animal oil suffers decomposition. It is 
well known that animal and vegetable oils consist of 
glycerine, in combination with stearic and oleic acids. 
In the manufacture of candles from animal and vegetable 
fats it is necessary to separate the glycerine from the 
stearic and oleic acids, and this decomposition is brought 
about **by the action of high pressure steam in the 
presence of water, generally with, but sometimes with- 
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out, the addition of a small proportion of a base like 
lime/' It will be at once seen that the conditions 
necessary for the decomposition of such fats and oils 
— ^as, for example, tallow — exist exactly in the interior 
of a steam cylinder, and whenever suet or some other 
animal or vegetable fat or oil is in requisition as a 
lubricant, it must inevitably become decomposed or 
reduced to its simpler elements. The greater the 
temperature in the cylinder, the sooner will this come 
about, and, in fact, for gas engines the use of such 
materials for lubrication is out of all question. Mineral 
oils are entirely free from this serious drawback, and do 
not suffer decomposition when exposed to heat, but are 
distilled into vapour without leaving any residue behind. 
In the preparation for use, too, of mineral oils there is 
not the same necessity for the use of any acid to effect 
their purification, and in the case of those best fitted 
for cylinder lubrication no acid is used at all. The 
mineral oils in this respect are very valuable, since if, 
as is often done, it is better to introduce some animal or 
vegetable oil, as before mentioned, to give body or 
endurance to a mineral oil, the percentage of that 
which would cause corrosion is reduced in a very great 
degree when compared with the use of a vegetable or 
animal oil alone. 

There is another point of advantage which mineral 
oils have over the other two classes, and that is that it 
has no tendency to develop an acidity with age. We 
have it, however, upon the authority of a distinguished 
chemist,* that even if animal and vegetable oils be 
entirely free, when first manufactured, from any trace of 
acid, they may acquire a sensible acidity in time. 

* Mr. A. H. Allen, of Sheffield. 
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Effect of Heat on Oils. — The effect of heat on oils is 
divided for us into four parts, according to the peculi- 
arities exhibited as diflferent temperatures are reached. 
Tliey are — 

Volatility, 

Flashing Point, 

Firing Point, 

Point of SolidificatioD. 
Volatility. — This is the tendency of an oil to evaporate 
when exposed to the atmosphere. It may be looked at 
from two standpoints, both important : first, as to the 
danger incurred on account of the risk of fire, due to 
the saturation of the surrounding atmosphere with 
combustible vapour, and then from the point of view 
of economy ; since a lubricant that loses a considerable 
percentage of its volume by evaporation in a short time 
is not so economical as one that does not exhibit this 
feature in such a marked degree, though it may be 
somewhat more expensive. Evaporation is of import- 
ance only in connection with mineral or compound oils, 
as vegetable and animal oils do not show any tendency 
in that direction, and more so as the use of mineral 
oils with very low flashing points is very extensive in 
compound oils. Many of the mineral oils are given to 
evaporation, that is, are volatile, at the ordinary tem- 
perature of the air ; how much more so when used in 
a hot engine-room, or upon bearings whose tendency 
is always to run a little hot ! Prof. Ordway, of the 
Massachusetts Institute of Technology, in a report 
made by him for the N. E. Cotton Manufacturers' 
Association, U.S.A., gives some account of different 
oils tested for evaporation by exposing them to a tem- 
perature of 140 deg. Fahr. for twelve hours. He found 
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the loss to vary from 1 per cent, to as much as 25 per 
cent. Out of one hundred and sixty-four kinds tested 
by him, he found what is tabulated below : — 



• 


TABLE X. 








A mount of Loss 1 % 


. 5% 10% 


15% 


20% 


25% 


No. of Samples 11 


48 46 


31 


14 


4 



That is, scarcely 7 per cent, were really good in this 
respect. However, the conclusion cannot be avoided, 
that were there no demand for cheap oils they would 
find no sale, so that the fault is not alone on the side 
of the manufacturer, but also on the part of those 
purchasers who consider nothing but cheapness. Oils 
can be obtained which lose nothing when exposed to 
the severer test of ten hours at a temperature of 212 
deg. — that of boiling water ; but one that stands the 
above temperature for six hours without loss may be 
considered a first-class lubricant. This is a most 
important feature to determine in the case of cylinder 
oils. There should therefore, in testing such, be a 
difference made as to the temperature. Thus for 
cylinder oils and those intended for internal lubrication, 
a test has been proposed of an exposure to a tem- 
perature of 360 deg. Fahr. for six hours, and in the 
case of oils intended for ordinary purposes to 212 deg. 
Fahr. for the same period. 

Flashing Point, — This is the temperature at which an 
oil gives off vapour in sufficient quantity to ignite 
when a lighted taper is brought near to it. This is 
accompanied with a little flash, hence the name '* flash- 
ing point." This, again, is of importance in connection 
with mineral oils, animal and vegetable oils being very 
safe in this respect, the temperatures at which they 
flash varying between 400 deg. Fahr. and 540 deg. 
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Fahr., olive and sperm oils occupying the lowest place, 
whilst refined cotton-seed and lard oils are about the 
best. It is with mineral oils that danger is to be 
feared, since some low-class oils give off dangerous 
vapours at as low a temperature as 80 deg. Fahr. The 
generally acknowledged standard in this country is 
350 deg. Fahr., those flashing below 300 deg. Fahr. 
being considered unsafe for general use. For cylinder 
oils a much higher temperature is required, Mr. J. 
Veitch Wilson giving 500 deg. Fahr., which gives a 
good margin of safety, since the temperature of steam 
at 200 lbs. per square inch is a little over 380 deg. 
Fahr. The methods by which this property, and the 
others too, is determined we shall deal with later on. 

Firing Point is that temperature at which an oil 
itself will ignite and bum.' It is very patent that this 
will be much higher than the flashing point, so that if 
this latter is kept up to the standards above indicated, 
there need be little fear for firing point. Mr. J. Veitch 
Wilson is disposed to attach more importance to 
evaporation than to either flashing or firing points. 

Point of Solidification. — This feature of an oil is of 
importance when the machinery upon which it is used 
is exposed to the changes of our climate. If the lubri- 
cant should become set or even thicken, considerable 
wear might take place in bearings from the metals 
coming into direct contact through the cessation of the 
supply of oil. Prof. Thurston gives summer sperm 
as thickening at about 65 deg. Fahr., freezing at about 
50 deg. Fahr. ; winter sperm 50 deg. Fahr. and 35 deg. 
Fahr. Lard oil begins to harden at 40 deg. Fahr., 
solidifying at 7 deg. below the freezing point of water, 
32 deg. Fahr. The heavier mineral oils freeze at 12 
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deg. bejow freezing point of water, viz. 20 (leg. 
Fahr., while the lighter ones remain fluid at deg. 
Fabr. Some obtained from the Russian oil fields 
exhibit a very low freezing or solidifying tendency. The 
mineral oils as a class stand in a much better position 
in this respect than either of the other two classes. 

Oxidation. — The property of oils to, in greater or 
lesser degree, absorb oxygen from the atmosphere, we 
shall consider under two heads — (1) Gumming ; (2) 
Spontaneous ignition. 

1. Gumming, — One effect of the absorption by an oil 
of oxygen is that it thickens, or becomes resinous or 
gummed. We have already alluded to this when point- 
ing out the distinction between drying and non-drying 
oils. Those most affected by this are the vegetable 
oils; of the animal oils, those derived from fish are all 
affected in this way with the exception of sperm, where 
the gumming tendency is very little. The animal oils 
proper (lard, neatsfoot, tallow) are not affected in this 
way to any appreciable extent. Mineral oils, how- 
ever, stand foremost in this respect, being entirely free 
from the tendency to absorb oxygen when in contact 
with the atmosphere. Sperm oil, for instance, if 
exposed to the temperature of 140 deg. Fahr. will gain 
in weight two or three per cent, in twelve hours. It 
will •be seen at once how objectionable this feature is 
in a lubricating oil, since, as it becomes more and more 
sticky, it will throw a correspondingly extra amount 
of work on the engine in order to drive the machinery. 
Then again, it necessitates more frequent cleaning of 
bearings, etc., to say nothing of the waste of power and 
time in starting when the machinery has rested at 
week end. 
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2. Spontanemcs Ignition, — In addition to "gum- 
ming " there is also another dangerous element due to 
oxidation. Whenever an oil prone to. oxidation is 
diffused through a quantity of cotton or other waste, 
it is always more or less liable to spontaneous ignition 
due to the lieat developed in the process of rapid 
oxidation under these peculiar circumstances. This 
is rendered more dangerous still if it should be near 
any heated body, as a steam or hot-water pipe. 
Nothing is more common than to see waste, saturated 
with oil, thrown down in some corner of a shop or mill 
on Saturday midday, without the slightest regard to 
the danger incurred thereby. There is not the slightest 
doubt that it has been the occasion of many other- 
wise unaccountable conflagrations. Mineral oil, since 
it does not absorb oxygen either alone or in contact 
with cotton waste or other fibrous material (jute, say), 
is entirely free from this baneful feature. Mr. Qalletly 
conducted some experiments to ascertain the time a 
certain amount of cotton waste soaked with diflTerent 
kinds of oil took, under favourable circumstances, to 
ignite spontaneously. The oil waste was placed in a 
paper box and put in a hot-air bath, which was main- 
tained at a temperature ranging between 130 deg. and 
170 deg5. Fahr. It will be seen from the figures 
given below that oils difiFer much from one another in 
the time required to ignite. 

TABLE XI. 

Oil. Time. 

Boiled Linseed ... 1 hour 15 mins. 



Seal Oil 


.. 1 „ 20 „ 


Raw Linseed ... 


... 4 „ „ 


Lard Oil 


... 4 „ „ 


Gallipoli Olive 


... 5 „ „ 


Refined Rape .; . 


.. 9 „ „ 
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But when equal parts of mineral and seal oil were 
experimented upon, the waste refused to ignite. The 
late Mr. J. J. Coleman, F.C.S., repeated these experi- 
ments, desirous of studying more particularly the effect 
of mineral oil in the retardation or entire prevention 
of spontaneous combustion. The temperatures between 
which Mr. Coleman's experiments were made were 
higher than those used by Mr. Galletly, being 180 deg. 
and 200 deg. Fahr. instead of 130 deg. and 170 deg. 
Fahr. The following are the figures given by him : — 

TABLE XII. 



Oil. 






Time, 


Seal Oil on Wool... 




... 3 hours m ins. 


Whale Oil on Wool 




... 3 


» 15 „ 


Whale Oil on Cotton 




... 3 


» „ 


Whale Oil on Jute 




... 9 


» „ 


Olive Oil on Cotton 




... 4 


» „ 


Oleic Acid on Wool 




... 4 


» „ 


Olive Oil, with 20 per 


cent, of Mineral Oil 


... 8 


» „ 



The following mixtures refused to ignite after twenty- 
six hours' exposure to the above-mentioned conditions: — 

Elqual parts of olive and mineral oil on cotton. 

„ „ whale and mineral oil on jute. 

„ „ seal and mineral oil on wool. 

„ „ oleic acid and mineral oil on wool. 

Oleic acid, with 20 per cent, mineral oil on wool. 



We thus see that the addition of mineral oil to animal 
and vegetable oils exercises a very powerful effect upon 
oxidation, and is thus another great point in favour of 
mineral and compound oils. 

Professor Ordway, in the report already alluded to, 
gives the results of some experiments made since those 
given above, and has arrived at practicably the same 
results. In his case he took a given weight of cotton 
waste, about a handful, and impregnated it with its 
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own weight of the oil to be experimented upon, paying 
attention that the oil was equally spread throughout. 
He says : " We have made experiments with cotton 
waste and cotton-seed oil mixed with petroleum- 
mineral oil, and have found that cotton-seed oil, mixed 
to the amount of 25 per cent, with 75 per cent, of 
petroleum oil, will take fire spontaneously ; so it seems 
that although spontaneous combustion is retarded in a 
great degree, it is not entirely prevented, even by a 
pretty large admixture of mineral oil, in the case of 
such oil as cotton-seed and linseed, which are peculiarly 
liable to oxidation. When we came to take lard oiL 
a careful experiment was made, -which showed that 
33 parts of petroleum oil mixed with 67 parts of lard 
oil would not undergo spontaneous combustion at the 
temperature at which the experiment was made; 
whereas with 52 per cent it did undergo spontaneous 
combustion. We know cotton-seed oil is one of the 
oils we have to fear, and cotton-seed oil happens to be 
one of those whose spontaneous combustion cannot be 
prevented by a slight admixture of petroleum-mineral 
oil. But the experiments of Dollfus and Coleman 
were correct, it seems ; we had no reason to doubt that 
they were correct, but the experiments we made were 
made at a little higher temperature ; and although the 
oil, mixed in the proportion of 70 parts of oil and 
30 of petroleum, may not take fire when the tem- 
perature is maintained at 110 deg. Fahr., yet it may 
when it is maintained at 190 deg. Fahr. ; and of course 
cotton waste is liable to be exposed sometimes to a 
steam heat, and a steam heat may range up to 300 deg. 
Fahr. Still, it is a fact that the admixture of even 
10 per cent, of one of the heavy petroleum oils does 
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(limiQish very much the tendency to oxidation or to 
spontaneous combustion, and is a fact, of course, of 
immense importance/* We must not confound flash- 
ing tendency with spontaneous ignition, they arise from 
difiFerent causes; the first is characteristic of mineral 
oils, while the latter is characteristic of animal and 
vegetable oils. 

Grit in Oils. — Any oil containing grit in it is, ob- 
viously, very expensive to use, since it conduces so much 
to w^ear and tear. Mineral oils are in this respect often 
offenders, since the oil in rising in the petroleum wells 
^ets charged with earthy matters, which may or may 
not be removed in the process of manufacture. Many 
thick black oils, too, that are sold cheaply consist of 
the *' still bottom" or residuum produced in refining 
illuminating oils, so that care should be exercised in this 
direction. A simple test, given by Prof. Thurston, is to 
drop a little of the oil on clean white blotting paper, 
which absorbs the oil, leaving the impurities visible as 
black specks on its surface. 

Co-efficient of Friction. — We have already, in Chap- 
ters II. and III., referred to fluid friction, and given the 
laws that govern it ; this is an important factor when 
we have under consideration the value of a lubricant, 
and we remind our readers of what we then said, that 
compound friction is a combination of solid and fluid 
friction, and we shall be readily followed when we 
say, that as the conditions of lubrication more nearly 
approximate to either of these two kinds, so the results 
will show that the frictional resistances are governed 
by the laws which are observed to act in that kind 
of friction to which it approximates. So that to gain 
any information on the friction of an oil we must go 
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to experiments conducted under the condition that solid 
friction was eliminated as much as possible, leaving that 
due to fluid friction as the main factor. 

Compound or mixed friction most nearly approaches 
fluid friction when a journal is flooded or entirely oil 
borne, as in the case of the " Oil- Bath Experiments " 
of Mr. Tower. The following tables give some figures 
deduced from his data, to which we add those deductions 
which appear most important: — 

TABLE XIIL 



100 lbs. pressure per square inch. 


100 lbs. ]tressure per square inch. 


100 Revolutions per minute, 


450 Revolutions per minute, 


equal to 105 lineal feet per minute. 


equal to 471 lineal feet per minute. 


Nature of 


Co-efficient 




Nature of 


Co-efflcient 


tive 
u*e. 


Lubricant. 


of Friction. 


•^ 3> 


Lubricant. 


of Friction. 


•!& 






46 






as 


Sperm Oil ... 


0-0026 


Sperm Oil ... 


0-0064 


42 


Rape Oil 


0-00277 


51 


Rape Oil ... 


0-00714 


48 


Mineral Oil ... 


0-00334 


62 


Mineral Oil ... 


0-0078 


52 


Lard Oil 


0-0035 


65 


Lard Oil ... 


0-009 


60 


Olive Oil ... 


0-0054 


67 


Olive Oil ... 


0-0089 


59 


MiDeral Grease 


0054 


100 


Mineral Grease 


0-0151 


100 



N.B. — Bearing 4 in. diameter, 6 in. long. 
TABLE XIV. 



520 lbs. pressure per square inch. 

150 Revolutions per minute, 
equal to 157 lineal feet per minute. 



520 lbs. pressure per square incli. 

450 Revolutions per minute, 
equal to 471 lineal feet per minute. 



Nature of 
Lubricant. 



Co-efflcient 
of Friction. 




Sperm Oil 
Riape Oil 
Mineral Oil 
I^rd Oil 
Olive OU 
Mineral Grease 



Seized 

0-00095 

000123 

0009 

0-0008 

0-0014 



Nature of 
Lubricant. 



68 
88 
64 
57 
100 



Sperm Oil 
Rape Oil 
Mineral Oil 
Lard Oil 
Olive Oil 
Mineral Grease 



Co-efflcient 


tive 
ure. 


of Friction. 


« 60 




•?&! 
tf* 


Seized 




0-00148 


67 


0-00186 


85 


00017 


78 


0-0017 


78 


0-0022 


100 



N. B. — Bearing 4 in. diameter, 6 in. long. 
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Deductions, — (1) That the pressure per square inch 
upon the brass remainiug the same, the relative value 
of the lubricants does not alter appreciably when the 
revolutions are increased from 100 to 450 per minute, 
answering to velocities of 105 and 471 lineal feet per 
minute at the surfaces in contact. (2) That the 
difference in the relative value of the oils is very 
greatly reduced as the pressure per square inch is 
increased from lOQ to 520 lbs. per square inch, the 
difference in their lubricating powers being less at the 
high pressure. (3) That sperm, though having the least 
co-eflBcient of friction, has also the least weight-carrying 
power. (4) That lai-d and olive oils differ very slightly 
from one another under all the above conditions. 
(5) That the mineral oil and mineral grease carried 
the highest load, 650 lbs. per square inch, although 
nearly approached by rape oil, which seized after 573 lbs. 
per square inch. 



TABLE XV. 

625 Ibfl. pressure per square inch. 



Rev8. per minute. 

Bath of Mineral Oil ... 
„ „ Grease 





250 



0-00147 
0014 



0-00157 
0*0014 



0-00105 
0-0016 



0-0018 0-002 



The above table shows the superiority of a thick 
lubricant over a thin one at a high pressure, and 
that although an increase in the number of revolu- 
tions increases both their co-efl5cients, yet the ratio of 
them is not varied much. 

Mr. Tower says that the mineral oil was a thinner 
sample than th^ mineral (fvease; the former being fluid 
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at 50 deg., wLile the latter could only be described as 
grease at 50 deg. This will account for the oil experi- 
ments showing less friction than with the grease, except 
with the highest load, at which, the thin oil being 
overloaded and on the point of seizing, the friction is 
greater than with the grease. 

The above figures relate to fairly high pressures, 
100 to 625 lbs. per square inch, so we now give some 
data as obtained by Mr. Woodbury, U.S.A., at low 
pressure, moderate speed, and standard temperature, the 
conditions being as nearly as possible those met with in 
spinning frames. The following table gives his figures, 
the relative figures being added by us, as before in 
Mr. Tower's, the worst being taken as 100. 



TABLE XVI. 
Co-EPPiciENT OP Friction por Spindle Oil. 



Order of 
Value. 


Nature of Lubricant, 


Co-efficieot 
at 100 deg. F. 


Relative 
Figures. 


9 


^fined Petroleums, Heavy Spindle... 


1 

0-1187 


49 


12 


,, „ Heavy Spindle... 


0-1233 


51 


10 


„ ,, Heavy Spindle... 


0-1208 


50 


4 


,, ,, Light Spindle ... 


01113 


45 


5 


„ f, Light Spindle ... 


0-1132 


46 


1 


,, ,, Extra Machinery 


0-0756 


31 


2 


Bleached Winter Sperm 


0-0956 


39 


3 


„ Winter Sperm 


0-1067 


44 


6 


„ Winter Sperm 


0-1141 


47 


7 


Unbleached Winter Sperm 


0-1147 


47 


8 


Bleached Winter Sperm 


0-1170 


48 


11 


,, Winter Sperm 


0-1217 


50 


13 


Seal Oil 


0-1608 


66 


14 


Lard Oil 


0-2181 


89 


15 


NeatsfootOil 


0-2427 


100 

1 



From these figures we see that, under certain con- 
ditions, neatsfoot oil stood in the relation of 



68 FRICTIOxV AND ITS REDUCTIOX 

100 _ 

to the best refined light petroleum oil; that is, it 
absorbed over three times as much power; while the 
best winter sperm stood in the relation of 

— = 1-26 
31 

to the same oil; that is, it absorbed one and a 
quarter times as much power as the best refined 
light petroleum. 

It will be seen at a glance, upon comparing the 
value of the co-efficients in Tables XVI. and XIV., 
how very much greater the power required to drive 
is in the case of light machinery than in the case of 
heavy machinery; and so it is more essential, in the 
case when light machinery forms the plant of a manu- 
facturer, to attend to the co-efficient of friction of the 
oil he uses than when heavy machinery is in use. 

In all the experiments above referred to the lubricant 
was pure, whether animal, vegetable, or mineral oils 
were used; we now turn to some in which mixed or 
compound oils were used. Prof. Thurston, U.S.A., 
referring to some of his experiments, says : — " The 
mixing of mineral and animal oils yields, in some cases 
at least, unexpected results. Thus a mineral oil, rich 
in paraffin, being compared with lard oil gave the 
following under 100 lbs. pressure per square inch:" — 

Mineral oil 00150 co-efF. of friction. 

Lard oil 00160 „ „ 

Mineral oil 95 jJarts, lard oil 5 parts . . . 0*0120 „ „ 

Mineral oil 90 parts, lard oil 10 parts... 001 40 „ „ 

While for. relative endurance, putting the mineral oil 
as 100, he obtained — 
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Mineral oil ... ... 100 

Lard oil ... ... ... ... ... ... 120 

Mineral oil 95 parts, lard oil 5 parts 125 

Mineral oil 90 parts, lard oil 10 parts ... 160 

This shows unmistakably the value and decided 
superiority of the compound oils under the conditions 
set forth. 

We now give a brief epitome of some results pub- 
lished in Engineering, April 20, 1888, where they can 
be examined in extenso. They were carried out by 
Mr. J. Veitch Wilson, to whom we have already had 
occasion to refer, in conjunction with Mr. T. J. Pullin, 
of Messrs. Bass & Co., a gentleman who has invented 
a special machine for oil testing, to which we may refer 
later on in our articles, our desire being now to deal 
with the restUts obtained from it. Two sets of experi- 
ments were made, the first with various standard oils 
commonly used for lubrication — what we have already 
termed pure oils ; and secondly with various compound 
oils used for lubrication, these last being the manufac- 
tures of the company to which Mr. J.. Veitch Wilson 
belongs. These experiments showed conclusively that 
properly prepared compound oils run lighter — that is, 
have a lower co-eflScient of friction — and also run cooler 
than any simple animal or vegetable oil of like gravity 
and body. 

The pure oils experimented with were — 

Sperm Southern and Arctic. 

Olive Gallipoli, Smyrna, and Saffi. 

Neatsfoot 1 British. 

Lard Oil ... ... American. 

Tallow Oil ... British. 

Refined Kape Oi! . . . " Special," German and English. 

Castor Oil French 1 st. 

Tallow (solid) ... British,. 

Colza British. 
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The compound oils experimented with were mixtures 
designed to fill the place of the pure ones given above. 



TABLE XVII. 



First Series of Tests. Second Series of Tests. 



,0 

O 



Southern Sperm ... 
" Supermoline " ... 

Castor Oil 

"Polar Oil X" ... 



liflc Gravity. 


i 

1 

1 


f rubbing sur- 
. per minute. 


in lbs., total 
on brass. 


Temperatr.re. 


¥ 
2 


f rubbing sur- 
. per minute. 


in lbs., total 
on brass. 


Temperature. 


H 


1 

OQ 




sityo 
in ft 


1 


king 


ft 


sityo 
in ft 


ssure 
load 




881 


51 


Veloc 
faces 


I 


Wor 




I 


1 

114 




1110 


60 


189 


18 


459 


160 


28 


879 


50 

1 


1110 


60 


181 
132 


15 
41 


459 


160 


110 
158 


24 


;964! — 


1110 


60 


459 


160 


69 


984 ; 234 


1110 


60 

1 


I2O8 

1 


27 


459 


160 


182 


48 

1 



The bearing upon which these experiments were 
made was 3 in. diameter by 3^ in. long, giving an area 
of 9*375 jsquare inches. This gives for the first series 
6*4 lbs. per square in. on the brass, and for the second 
series 17*07 lbs. per square inch, which are much lower 
pressures than Prof. Thurston's; they are nearer to 
those we quoted of Mr. Woodbury's. The velocities, 
it will be noted, are very high. It is much to be 
regretted that the "drag'* was not expressed in co- 
efficients of friction instead of the arbitrary way in 
which they are, since we have no means of comparing 
them with the results of other investigators. The 
lubricant was supplied through an oil cup freely. It is 
at once seen, from Table XVIL, that, with a light oil, 
as sperm, the corresponding compound placed im- 
mediately below it, " spermoline," is a better lubricant, 
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working with less drag and a lower temperature under 
both the tests ; the same is observed in a heavy oil, 
" castor oil," and the substitute advised for it. Nothing 
is said of the relative endurance of pure and compound 
oils in the paper, the test not being directed to that 
end ; but we think that, had any been made, there is 
no reason to suppose that they would have shown 
different results from those we have already brought 
before our readers' attention, which were carried out by 
Prof. Thurston, showing that compound oils were not 
deficient in that important respect. 



CHAPTER VI 

PROPERTIES OF OILS AND TESTING SAME 

Manner of Testing Properties of Lubricants — Tests for Body — 
Redwood's Viscosiuieter — Tests for Acidity and Decomposi- 
tion — Tests for Volatility — Tests for Flash and Firinp: Points 
— Gray's Flash Point Apparatus— Test for Firing Point — 
Test for Point of Solidification — Test for Gumming — Bailey's 
Apparatus— Test for Spontaneous Ignition. 

Manner of Testing the Properties of Lubricants. — We 
have briefly, but yet we hope clearly, brought before 
our readers the properties of lubricants, and we intend 
to give a short account of some tests for same, the 
majority of which can be, with very little trouble, 
carried out by machinery users. It is well to have the 
desire to test the lubricants one uses, but those desires 
must be directed into scientific channels. We have 
heard on good authority of an old gentleman who 
utilized the back of his store-room door as the first and 
final means of testing oils. When oils were to be 
examined a few drops of each of the oils were poured 
upon the upper part of the door, and the rate and 
extent of their progress downwards was carefully noted, 
but what was deduced from the data thus obtained we 
have not been able to learn. Sometimes a person 
exhibits a scientific turn of mind, and his methods are 
not less instructive than those of the rule-of-thurab 
gentleman just referred to. The scientific man pro- 
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vides himself with an oleometer or a hydrometer, and, 
if he is very scientific, with some primitive form of 
viscosimeter. The fact that he does not understand 
these instruments or the way to use them seems to aid 
greatly the faith he reposes in them, and the satisfaction 
that he derives from their occasional use. 

Tests for Body. — The first we come to is " body " or 
"viscosity." This is tested by a viscosimeter; there 
are several of these used, constructed on various 
principles.. The one shown in the accompanying illus- 
tration (Fig. 13) is one based on the principle of 
permitting the oil to pass through a small aperture, and 
expressing the body of the oil by the number of seconds 
it takes for a definite and standard quantity to pass 
through this aperture. The apparatus, we believe, was 
primarily the design of the late Mr. J. J. Coleman, but 
we understand that various little improvements by Mr. 
J. Veitch Wilson have been added to give it its present 
form. 

Referring to the illustration, A is the glass tube into 
which the oil to be tested is placed ; it is 1 in. diameter 
and about 15 in. long. It has two marks upon it; the 
first up to which the oil is filled, and the second the 
mark at which the time taken is noted. It is sur- 
rounded by a glass jacket, B, B, which is full of water, 
the temperature of which can be regulated by the 
admission of steam by means of the pipe F, F, from the 
flask E ; C is a thermometer, the bulb of which is in 
the water of the jacket B, B ; J is an indiarubber pipe 
with a spring clip so that water may be let out from 
the jacket vessel in case of its becoming full through the 
condensation of the steam ; G is a small cock to relieve 
the flask of extra steam if need be ; D is a jar into 
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which the oil drops ; H a spirit lamp to heat the water, 
and L, iC, the stand. The following method of using 
the apparatus is given by Mr. J. Veitch Wilson : — " The 
oil to be tested is brought to the required temperature 
in a gla8& or tin vessel, the water in the jacket being 
maintained at the same temperature; the oil is then 
transferred to the inner tube (A), which is filled to the 
Ijiigher mark, the outlet being closed by the operator s 
finger, or, when oils are being tested at high tempera- 
tures, by a small wooden plug. At a given moment 
the finger or the plug is removed, the oil flows into the 
receiver (D), and the time required for the surface of 
the oil to fall from the higher to the lower mark is 
taken as the equivalent of the viscosity of the 
oil." 

Prof. Thurston remarks of this test for oil that " large 
cansuiners of oil sometimes purchase on ths basis of 
this test solely. It is regarded as quite as satisfactory 
and reliable as any single physical or chemical test 
known, and as secwvd only to the best testing nuichine 
methods." 

It can easily be seen that by the use of the above 
apparatus the " body " can be determined up to as high 
a temperature as 212 deg. Fahr., which we explained 
was necessary for cylinder oils in the last chapter. 

There i& one objection, however, to the principle 
upon which this form of apparatus is based, and that is, 
the specific gravity of the oil enters into the question, 
and gives a greorter head in the case of heavier oils, 
thus making them appear to have a slightly less body 
than what they really possess. In the case of two oils 
of near about the same specific gravity, the difference 
would not be very appreciable ; but in the case of, say, 
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sperm and castor oils, wliose specific gravities are widely 
different, it makes itself felt, * 

Fig. 14 illiiatrates a form of apparatus' designed by 
Mr. James Nupier, of Glasgow, to obviate this objection. 
The viscosity is measured by tlie resistance of the oil 
to the revolving part, and is determined by the period 
of time taken to perform a given number of revolutions 



under the influence of a weight C A jacket E is also 
provided for obtaining any desired temperature. We 
are given to understand that the apparatus, as now 
made, has oo annular spaces. It is merely a drum 
revolving in the oil. This alteration does not affect the 
principle of its construction, which removes entirely the 
factor of specific gravity — that is, the relative weights 
for equal volume of various oils. 

A simpler form of apparatus embodying the same 
' The illuBtrnticin is Stom Redwood's Fetrdeiim (Griffin&Co.). 
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principle was described in Engineering, February 9, 
1S94, as being in use on the Fhiladelphian and Readiog 
Railway, U.S.A. A cylinder 2 iii. diameter by IJ in. 
loDg is suspended in tbe oil to be tested by means of a 



fine steel wire attached at its upper end to a knob 
inserted in a stiff frame. By twisting this knob the 
wire can be subjectetl to torsion. About the middle of 
its length the wire has attached, to it horizontally a 
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disc, graduated in degrees, which rotates with the wire 
when the latter is turned, and serves to measure the 
aogles of oscillation. la uiaking a test the oil is 
surrounded by a bath of paraffin or water to bring it to 



the required temperature. The disc on the wire is 
clamped, and the knob at the top turned through 
an angle of S60 degrees. The clamp holding the disc 
ia then released, and the torsion of the wire causes the 
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cylinder immersed in the oil to move through angles 
which become less at each succeeding oscillation. The 
angles are measured by the disc, and form a criterion of 
the viscosity of the oil. The above is very simple, and 
commends itself to us, but we have not met any one 
that has had practical experience with it. 

Sedwood's Viscosimeter. — This instrument owes its 
existence to the late Mr. W. H. Hatcher, but it has 
been improved by more than one, especially by Mr. 
Boverton Redwood, F.I.C., F.C.S., who improved it to 
such an extent that it is now generally adopted as a 
standard both in this and in foreign countries. It is 
plain from Figs. 15 and 16 that its principle of action 
is the same as that shown in Fig. 13. It differs from 
it in the following details. Copper is substituted for the 
glass, which was very liable to fracture ; the reduction 
in depth of the receptacle which contains the oil to be 
tested, thereby reducing the effect of " head " due to 
difference in specific gravity ; the use of a piece of 
agate for the jet, which lends itself more easily by 
drilling to secure orifices of more uniform size than is 
possible in glass ; the projecting tube, closed at the 
lower end, under which a lamp is placed, providing a 
better method of heating the bath ; and, last, the 
addition of a revolving agitator in the bath or jacket 
for uniformly distributing the heated liquid rising from 
the projecting tube. The oil cylinder has a stopper, 
consisting of a small brass ball attached to a wire, 
which closes the hole in the agate mouthpiece. Inside 
the oil cylinder, and at a short distance from the top, 
is fixed a small bracket, terminating in an up-turned 
point, which forms a gauge of the height of the oil level. 
Under the orifice is placed a graduated glass vessel, 
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which denotes the volume of oil passing (vol. ii. page 
194) from the oil cylinder. Mr. Allen, in his Organic 
Analysis, vol. ii. page 194, before referred to, gives an 
illustration of an improvement of his own which gives 
a constant head. It is extremely ingenious, but space 
forbids our reproducing it. 

To use the apparatus, the bath is filled with a suitable 
liquid ; water answers well for temperatures up to 200 
deg. Fahr., and for higher temperatures a heavy mineral 
oil may be used. The liquid having been raised to any 
desired temperature, the oil to be tested (also heated) 
is poured into the oil cylinder until the top of the 
gauge is reached. A narrow-necked flask, holding 50c.c. 
to a point marked on the neck, is placed beneath the 
jet in a vessel containing liquid at the same temperature 
as the oil. The ball valve is raised, a stop watch started 
at the same time, and the number of seconds occupied 
in the discharge of 50 c.c. noted, which will give the 
viscosity of the oil in relation to some known or standard 
oil. Care should be taken that the oil is filtered before 
being tested, and also that the agate jet is free from the 
slightest trace of dirt. The apparatus should be cleaned 
thoroughly every time it is used by means of benzine 
and alkali, which will remove any trace of an oil used 
in a former experiment. There are other forms of vis- 
cosimeters, as Tagliabue*s, Stillman's, and Perkins' ; but 
we have given a good idea of this class of instruments, 
and, in conclusion, give the preference to Redwood's, 
as being generally accepted both in scientific and 
commercial circles. 

Tests for Acidity and Decomposition. — (1) The acid 
due to refining. The presence of mineral acid, generally 
sulphuric, as before spoken of, may be detected by boil- 
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ing a quantity of the oil to be tested with distilled 
water and dipping into the aqueous solution blue litmus 
paper, which will be turned red if any acid is present, 
(2) Free fatty acid may be determined by dissolving a 
known weight of the oil in a mixture of alcohol and 
petroleum spirit, to which a standard solution of alkali 
is slowly added by dropping, in presence of phenq)- 
phthalein, which is colourless when the solution is aoi<? 
or neutral, but becomes pink when the acid is neutral- 
ized and the alkali is slightly in excess. Mineral acids 
are seldom present, but the free fatty acids are usually 
present in animal and vegetable oils, even to the high 
percentage of ten or more. Animal oils may be distin- 
guished from vegetable oils by the use of the fact that 
chlorine turns animal oils brown and vegetable white. 

Tests for Volatility. — The amount of volatility is 
determined by exposing a known weight of the oil in a 
small Berlin basin or watch glass in the hot chamber of 
a water bath to a temperature of 212 deg. Fahr. for a 
given number of hours, and noting the loss in weight. 
An oil losing more than 5 per cent, in ten hours should 
be rejected when we bear in mind that oils can be 
obtained which lose nothing, or a fraction of 1 per cent., 
in that time. A good cylinder oil should be equally 
satisfactory when tested for six hours in a sand bath at 
the temperature of 360 deg. Fahr. 

Tests for Flash and Firing Points. — Flash point can 
be determined by the " open " and the " close " test. In 
the open test a glass beaker, about 1 in. in diameter by 
2| in. deep, being filled with the oil under examination, 
is placed in a sand bath, and carefully screened from 
draught, the temperature being raised gradually, 5 deg. 
to 10 deg. Fahr. per minute, during which a very small 

6 
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f!u,me from a taper is passed over it at definite intervals 
until the vapour given off is in sufficient quantity to 
produce a slight explosion accompanied by a blue flasb. 



A thermometer whose bulb is inserted in the oil will 
give the temperature. 

Gray's Fladt Point Apparatos. — This instrument (Fig. 
17) ia designed especially for the heavier mineial oils, 
and is the best and most reliable instrument now oETered 
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to the public. It is based upon " Abel's Government 
Tester " ; but various details have been modified to suit 
the diflferent conditions under which it is used, Abel's in- 
strument being used for burning oils only whiqh have a 
low flash point. The cup A, which contains the oil to be 
tested, is the same size as that specified by Act of Par- 
liament, and adopted in Abel's instrument, viz. 2^ in. in 
diameter, and having a depth of y^ in. ; but instead of 
the oil being heated through the medium of a surround- 
ing jacket containing water, the heat is applied directly 
underneath by a lamp, not shown in the accompanying 
figures. On this cup, which is set in a suitable tripod 
stand, is placed a tight-fitting lid ; through the lid a 
spindle passes, which has inside the cup two sets of 
stirrers, one below the surface of the oil, and the other 
in the vapour space above. A horizontal spindle, suit- 
ably supported, is used to rotate the vertical spindle by 
means of the handle B and the bevel wheels G and H. 
The test is made by depressing the small flame of the 
test light D through a shutter into the oil chamber 
below, which produces a flash when sufficient vapour 
is given oflf by the heated oil. A thermometer is placed 
conveniently in the oil chamber to give the necessary 
readings. It will be seen from the figures and the 
foregoing description that the apparatus is a " close test " 
one. 

To make an experiment, the makers advise that the 
oil cup A is filled up to the mark inside, the cap replaced, 
and the thermometer inserted in the tube provided for 
it. After lighting the heating lamp and placing it 
underneath the cup A, light the test light, adjusting the 
flame to about ^ inch in length. During the heating of 
the oil the stirrers should be moved at short intervals 
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by turning the handle B several times. The faster the 
oil is beins: heated the oftener the stirrers should be 
rotated. When nearing the point at which the oil is 
expected to flash, it is advisable to reduce the rate of 
heating in order that the observations may be more 
readily and accurately made. If necessary a rough test 
may be first made to give some idea of the temperature 
at which the oil is likely to flash. Tests may be made 
with the flame at every degree rise until the oil gives 
a blue flash. The rate of heating should not be too 
rapid, to allow of readings being taken at every degree 
rise. Redwood says that a fall of 1 in. of mercury in 
the barometer will lower the flashing point about 2 deg. 
Fahr. Since different forms of instruments give results 
somewhat divergent, it is necessary when comparing 
results to know what kind of instrument has been used. 

Test for Firing Point. — The test for firing or burning 
point is usually that described as the open cup test for 
flashing point, the test being continued until the oil 
actually itself ignites and continues to bum, the tem- 
perature then noted being the burning point. If the 
flash point is satisfactory this test is not generally 
applied. 

Test for Point of Solidification. — ^The following test 
for solidification is taken almost verbatim from Mr. 
A. H. Allen's Organic Analysis, vol. ii. : — A test tube, 
about 5 in. in length by f in. diameter, is fitted with 
a collar of cork or indiarubber by which it is fixed in 
the mouth of an empty flask. The oil is then poured 
itito the tube till it is about two-thirds full, and a 
delicate thermometer is suspended freely in the liquid, 
so that the bulb may be wholly immersed. When the 
oil commences to solidifv at the bottom of the tube the 
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temperature must be carefully observed. The operator 
then stirs the contents of the tube slowly by giving the 
thermometer a circular movement, first three times 
to right and then three times to left. The first effect 
of the agitation is to cause the temperature to fall 
slightly, but afterwards a sensible rise takes place, and 
the mercury remains stationary for at least two minutes. 
The temperature thus indicated is the solidifying point 
of the oil, and the results obtained are remarkably con- 
stant. A freezing mixture can easily he made by any 
of the ordinary means, or water whose temperature is 
gradually lowered by the addition of iced water. 

Test for Oumming. — The oxidizing or gumming tend- 
ency of oil may be found out by exposing small quantities 
in shallow iron cups or watch glasses at ordinary tem- 
peratures to the action of the atmosphere for ten days 
or a fortnight, taking care to exclude all dust. If more 
rapid results are necessary, the cups or watch glasses 
may be exposed to a water or sand bath at, say, 212 deg. 
Fahr., when ten or twelve hours will probably be enough 
time to indicate the character of the oils. This test is 
purely comparative, and so an oil known to be of good 
quality should be placed in one cup for purposes of 
comparison. 

Bailey's Apparatus consists of an inclined glass plane 
(see Fig. 18). This plate is fixed in a metal box, which 
is constructed to receive a copper vessel which is filled 
with boiling water, and heats the glass. The box being 
lined with felt, the radiation is small, and the drop in 
temperature consequently slow. Six or less drops of 
different kinds of oil are started, as shown in the ac- 
companying illustration, at the same moment from the 
top end ; the time each takes to reach the lower end 



86 FRrCTION AND ITS REniTCTION 

giving a comparative value of its guminiDg tendeDcy. 
This instmmeat can also be used for testing the body 
or fluidity of an oil. 

Test for Spontaneous Ignition. — This, as we have 
already explained, depends upon the action of the at- 
mosphere being promoted by a higher than normal 
temperature. As it is desirable to expose as large a 
surface of oil to ths atmoJiphere as poa.'^ible, it is cus- 



tomary to conduct these experiments by saturating a 
small quantity of cotton-wool (say enough to fill a small 
wooden match-box) with the oil to be tested. The 
wool, aft(ir having been wrung out, is placed in the hot- 
air chamber of a water bath at a temperature of 212 deg. 
Fahr., the temperature of the wool being noted from 
time to time, till the mass shows a tendency to spon- 
taneously ignite, or give evidence that it will not do so. 



CHAPTER VII 



TESTING MACHINES 



Thurston's Testing Machines — Prof. R. H. Smith's Journal Friction 
Testing Machine — Boult's Patent ** Cylinder Lubricant" 
Tester — Ingram and Stapfer's Oil Tester. 

It is very clear that the best possible means of 
testing the efficiency of anything is by placing it under 
exactly the same conditions that will obtain in the 
actual use it is to be put to. But it is often the case 
that this is inconvenient, and several of the conditions 
under which it will ultimately work have to be 
altered, as, for instance, in the case of a large compres- 
sion member for a bridge, where it would be impossible 
to test it fidl size, and a small scale model is made use 
of instead, and the results obtained from the testing of 
that are multiplied in such a manner as to give a result 
for the actual member. This is of course open to a 
little error, but it is fortunate for machinery users that, 
generally speaking, they are not compelled to have 
recourse to a model for the test of lubricants, but can 
obtain tests from machines capable of being adjusted to 
give conditions, both as to velocity, diameter and length 
of bearing, pressure per square inch, and temperature 
which may be necessary. The tests given in the last 
chapter, though both necessary and useful in their place, 
must yield the palm in point of accuracy to those 
obtained by the machines we are now about to refer to. 
The great point, however, in their favour is that the 
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tests can be carried out very much more quickly and at 
coDsiderabl; less expense than by the use of testing 
machines, which means considerable outlay in the first 
place, and also power to drive them when in use. With 
large consumers of oil, such as railway companies, this 
initial outlay is justifiable, but for small consumers we 
consider that the tests given in the last chapter are all 



that is necessary, and should any special case arise, 
resort may he had to a laboratory possessing such a 
machine. It may then be asked why we refer to 
testing machines, but we consider this work would 
not be complete without a short reference to them, and 
consequently we shall not entirely omit them from our 
consideration, our desire being to refer after that to the 
oils placed upon the market by various manufacturers, 
and to point out the suitability of the grades they turn 
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out for different purposes. Of the machines brought 
before the notice of our readers, the cheapest is Ingram 
and Stapfer's patent, made by Messrs. W. H. Bailey and 
Co. In a letter they received from a very well-known 
and eminently respectable firm who had purchased one 
of these machines, it is stated that it had saved them 
some hundreds of pounds. Where a firm's oil bill runs 
into anything like hundreds a year, a machine for 
testing should certainly be invested in, since it means 
then perhaps 3 or 4 per cent, only on their annual 
expenditure, and will enable them perhaps to effect a 
saving of from 10 to 30 per cent. 

Professor Thurston's Testing Machine. — This machine 
is the invention and design of Professor Thurston, U.S.A.; 
the sole makers for Europe being Messrs. W. A. Bailey 
and Co., Limited, Albion Works, Salford, Manchester, to 
whose kindness we are indebted for permission to repro- 
duce the wood-cuts illustrating these machines. The oil 
to be tested is placed upon the journal F (see Fig. 19), 
which in the machine adapted for general work is IJ in. 
diameter. The journal is carried upon the overhung 
end of the shaft A ; this shaft is carried upon the two 
journals B, B', firmly attached to the base E by the 
standard D. The pulley C, for driving the machine, is 
stepped in order to give variation in speed. A counter, 
not shown in Fig. 19, is placed at end of shaft 
to give the number of revolutions. Two gun-metal 
bearings G, G' are fitted around the journal, and 
forced against its surface by the spiral spring immedi- 
ately underneath. This spring is made adjustable by 
means of a screw worked by a spanner upon the nut 
K, and the pressure per square inch can be ascertained 
by the position of the pointer M upon an index plate. 
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The brft!ises| spring, etc., are carried by a casing, H, in 
the form of a pendulum, to tlie bottom eod of which a 
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heavy ball, I, is attached of just sufficient -weight to 
allow the arm of the pendulum to swing up into a 
horizontal position when the bearing is running under 
maximum friction; i.e. when the bearing is perfectly 
dry. A pointer moves along the arc P (which can 
be merer distinctly seeja in Fig. 20), and shows the angle 
from which the pendutem is deflected from the perpen- 
dicular. This arc is carefully laid oflF in such divisions 
that, dividing the figure the pointer is on by the 
pressure shown by the other pointer, M, gives the co- 
efficient of friction at the time being. A thermometer, 
Q, is also attached to give the temperature of the 
journal. 

In Fig. 20 we have a much larger pattern of the 
same machine, the journal for testing the lubricant 
being 3f in. diameter by 7 in. long, a size adopted to 
exactly correspond with certain railway axles. The 
total pressure which can be exerted by the spiral spring 
upon the brasses is 5 tons, thus giving a pressure of 
over 400 lbs. per square inch. A recording apparatus 
is fixed to this machine, which automatically registers 
the various readings on the graduated arc, the paper 
being arranged to advance yV i^- ^^^ every 1,000 revolu- 
tions of the journal. The vertical height of the line 
drawn firom the base line of paper gives the reading on 
front arc, or how much the' pendulum swung out from 
perpendicular at any given time during a trial. This 
is, we need scarcely add, a splendid machine, and has 
been adopted by various railway companies and large 
oil users. In making permanent records of trials, five 
things should be entered : — (1) The pressure per square 
inch on the brasses ; (2) the number of revolutions per 
minute; (3) the temperature at the time being; (4) 
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the readiagd OQ tlie arc of the macliiDe; and then 
another (5) is added by calculation, which is the 
co-etBcient of friction, and obtained by dividing the 
number in (i) by that in (1). 

Profesaor Kobert H. Smith's Journal Friction Testing 
tfachine. — This machine, in use at Mason's College, 
Birminghani, is in our judgment a distinct improvement 
upon Prof. Thurston's, wbich we have just described. 




While the pressure is put upon the brasses by means 
of a strong spiral spring, and is in this respect the 
same as in Thurston's apparatus, yet the whole weigtit 
of the spring and its casing is takun from off the 
journal, and no pendulum weight being used, there is 
not a higher pressure upon the top than on the bottom 
brass as in Thurston's, A glance at the accompanying 
illustration shows how all the weight is held by the 
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suspension rod G. This again gets rid of a feature 
somewhat objectionable in Thurston's machine^ that is 
the tendency the journal has to break oflf at its neck, 
due to its having to entirely support the weight of 
pendulum, spring, etc. We do not for a moment 
question that this has been thoroughly thought of 
by the manufacturers and provided against by giving 
ample strength to all parts, but we refer only to the 
principle of the thing. 

Beferring for a moment to the illustration (Fig. 21) 
kindly lent to us by Professor Smith, B is the test 
journal rotated by means of the pulley A, A, A ; this 
journal is made to screw into the end of shaft, thus 
allowing the introduction of diflferent size journals ; C, 
C are the bearings which are made to bear upon the 
journal with any desired pressure by means of spring 
enclosed in the barrel D, D, D ; the spring being com- 
pressed and released by the worm and worm wheel 
F, F, F. Two thermometers, T, T, dipping into mercury 
pools in the two half bearings give the temperature of 
the same. The weight of spring, barrel, etc., is taken 
by the suspension rod G, G and communicated through 
the lever H to the weight I, which is adjusted so that 
the lever floats between the stops. The cord, Kj, Kg, 
Kg, K4, running over the guide pulleys, Lj, Lg, Lg, 
communicates the pull due to friction to the Salter's 
spring balance, where it can be measured accurately. 
The two pulls on the cords K^ and K^, being equal and 
opposite and at the same distance from the bearing 6, 
do not disturb the equilibrium of the suspended parts. 
The following rationale of the action of the machine 
will be readily understood by our readers in connection 
with Fig. 22 :— 
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If L= total pressure put on journal by spring in lbs., 

r= radius or half diameter of journal, 

R=half the distance between the two cords Kj and K4, 
2 P=pull shown on spring balance in lbs., 

/=co-efl&cient of friction. 

The . moment due to friction at the surface of the 
journal is balanced by the two equal pnlls on the cords 
Kj and K4, and consequently equal to R X 2 P ; if we 
divide this by r, it will give us the frictional resistance 
in lbs. at the surface. But we have already defined 
the co-efiicient of friction/ as being 

_ Total force of friction or frictional resistance 
Total press exerted on surfaces in contact 

,, , .. Rx2P~r 
so that , /= , 

Li 

which is a very easy form of expression for finding the 
co-efficient of friction. 

Boult's Patent *' Cylinder Lubricant" Tester.— This 
machine is designed to test lubricants at the sanie 
temperatures at which they are required to work in 
the cylinders of steam, gas, and hot-air engines. We 
have already referred to the importance of good cylinder 
oils, explaining at considerable length the most im- 
portant points in connection with them. This machine 
is designed to meet the two great desiderata in a 
" cylinder lubricant " testing machine : — (1) The main- 
tenance of the friction surfaces at any desired temper- 
ature; (2) the application of a comparatively small 
pressure between the surfaces in contact. The machines 
already described have no provision for the first of 
these two, and are designed especially to give con- 
siderable pressure, up to and over 400 lbs. per square 
inch, which is most necessary in the case of heavy 
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running shafts, etc., but in the case of cylinder oils is 
not required. Fig. 23 gives a general view of the 
machine, and Fig, 24 shows a section through the 
bearing, giving a very good idea of the interior of the 
machine. The heating is effected by a Bunsen burner. 
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Fig. 22. Section of Prof. Smith's Machine. 

F, which heats the oil in the chamber C, C, which 
runs right round the brass. This chamber is filled 
with a heavy mineral oil, since this has a very high 
boiling point ; water would never do, as it would boil 
long before the temperature reached even that which 
steam has at 30 or 40 lbs. per square inch. A ther- 
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mometer, A, with its bulb in the healed oil, registers 
the temperature; teats at the high temperature of 
450 deg, Fahr. have been conducted upon this machine. 



Fio. 23. 



The bearing, about 2J in. diameter, is in this machine 
in two parts, D, D, with a spiral spring, E, between 
them to cause pressure between the bearing and the 
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brass. The two screws B, B are for compressing the 
Bpring E and allowing the brasses, which are not, as 
usually, in halves, to be removed from off the jouroal 
D, D. The frictional resistance is read off on the dia. 



shown in Fig. 23, a counter giving the number of 
revolutions per minute. 

The directions for testing the durability of an oil 
with this machine are briefly : — " Light Eunsen burner, 
and heat the bath to the temperature corresponding 
to the pressure the oil will be used under; see the 
friction surfaces are perfectly clean ; these can be 
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examined by tightening tbe aet-screws in order to 
compress the spring. The cyliadrical bath can now be 
lifted away, when the surfaces are cleaned, a measured 
quantity of the oil to be tested is poured upon them, 
and the cylinder bath put back in its place. Kun the 
machine until, say, there is a rise of 50 per cent, or 
100 per cent, beyond the friction first indicated by the 
machine. This will show that the virtue of the oil 



has been practically absorbed, or, in other words, the 
oil has been tested to destruction. The number of 
reYolutions the machine has made from the start of 
the experiment till, say, 50 per cent, rise in the friction 
is noted ; this will be the value of the oil as a friction 
reducer; and supposing a dozen different oils to be 
tested one after the other, the one that runs longest 
will be the best of the twelve. 
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Ingram and Stapfer's Patent Oil Tester. — This is one 
of the first machines ever used for testing lubricants. 
The principle of its action consists in two brasses 
pressed upon the bearing by the weights shown. The 
oil to be tested is introduced in small and measured 
quantities upon the bearings and, as in the machine 
last described, the apparatus is run at about 2,000 
revolutions per minute, until the thermometer shows 
the temperature of the journal to be increased to 200 




Fig. 26. Section of Ingram and Stapfer's Machine. 

deg. Fahr. When the lubricant permits the bearing 
to reach the above temperature, its friction-resisting 
quality is worn out ; the oil that permits the greatest 
number of revolutions is then judged to be the best. 
In this machine there is no attempt made to measure 
the actual resistance of friction as in Thurston and 
Smith's machines, so that we cannot find the co-efficient 
of friction without some other apparatus added to 
measure it. The machine is made in two sizes; the 
first with a spindle 3 in. diameter for general use, the 
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second with a 6-in. journal designed especially for railway 
companies, and for testing thick greases. This machine 
is also manufactured by Messrs. W. H. Bailey and Co., of 
Salford ; the price of the small machine being £8 10a. 
The illustration (Fig. 26), showing the principle of the 
machine, we have prepared ourselves ; the one showing 
the general view we are indebted to the manufacturers. 
We have now considered, though not altogether at 
the length that that part of our subject deserves, the 
means of testing by chemical and mechanical methods 
oils and other lubricants. We just add, in justice to 
other inventors of oil-testing machines, that there are 
many others, as Richie's and Ashcroft's, as well as those 
of Messrs. Tower and Goodman, already described when 
we were considering friction experiments. These two 
last were made to meet special requirements, and are 
not manufactured. 



CHAPTER VIII 

COMPARATIVE VALUE OF LUBRICANTS 

Comparative Value of Lubricants — Principal Classes of 
Machinery and Oils used. 

The following tables give the relative order in which 
the prices of the oils — animal, vegetable, and mineral — 
most generally used for lubrication stand. 

It is clear that no oil, no matter how good its origin 
may have been, will answer for every class of work, so 
that we feel justified in urging our readers again that 
they should endeavour to find out the properties re- 
quired in the lubricant for their several services, and 
choose accordingly. We have endeavoured to give 
below, without venturing into wearisome detail, the 
principal classes of machinery and the oils generally 
used for such classes, and what our experience shows 
to be most economical. 

Machinery may be divided into the eight following 
classes.^ The machines given under each heading as 
illustrating that class are due to us, as well as the one 
or more kinds of lubricant suitable for that class, and 
although one or two extreme cases, as (1), (2), and (8), 

1 A division due, the writer believes, to Prof. Thurston. 
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TABLE XVIII. 



Oil. 



Remarks. 



Lard Oil 

>> » 
Neatsfoot Oil 

Tallow Oil 

Animal Oil 

Sperm Oil 



>> 



)) 



Whale Oil 
Seal Oil 
Cod Liver Oil 
Olive on 
Castor Oil 
Refined Rape 
Palm Oil 
Cheap Natural 

Mineral Oil 
Best Refined 

Mineral Oil 
Cheapest 

Mineral Oil 



Finest ... 
Ordinary 



Finest Southern 
Intermediate ... 

Arctic 

Seldom used for lubrication., 
Chiefly used for burning 
Used for leather dressing 



For lubricating and 



) 
} 



burning 



Price 
per gallon. 



4/6 


4/9 


3/6 


3/9 


3/3 


3/6 


3/6 


3/9 


3/- 


3/3 


4/- 


4/3 


3/6 


3/9 


3/- 


3/3 


2/3 


2/6 


2/6 


2/9 


2/9 


3/- 


2/7 


2/10 


2/6 


2/9 


2/0 


2/9 


9d. 


V- 


V- 


1/6 


^d. 


v- 



raay not be often met with in the practice of many of 
our readers, yet they are retained to complete the 
subject. 

Glasses of Machinery. — 1. Low Temperatures, such as 
are met with in machines whose motive power is com- 
pres^sed air, such as rock drills, pneumatic coal cutters, 
and engines to supply power for small workshops, 
worked with compressed air from a central station as 
in Paris and other towns. For this purpose light 
mineral lubricating oils, especially those of Russian 
origin, are most suitable, since they are possessed of 
a very low freezing-point. Price per gallon for such, 
Is. 6d. to 2s. 
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2. Very great Pressure loith Slow Speed. — Met with 
under pivots of swing-bridges, where several thousand 

! pounds' pressure per square inch is met with ; of course 

the movement is extremely slow in these cases. 
Professor Thurston says plumbago or graphite is 
especially valuable to prevent abrasion under very 
heavy loads and at low velocities. It should be pure, 
free from grit, and ground to a flaky powder. A 
mixture also has been recommended of parafEn and 
lard oils forced between the surfaces by use of a 
pressure pump which will carry the heaviest pressures 
met with under drawbridges. 

3. Heavy Pressu/re with Slow Speed, — Under this 
head come the necks of rolls in rolling mills ; cross- 
head or gudgeon pins, where as much as 1,200 lbs. per 
square inch is in every-day use, and the shafts of heavy 
land and marine engines. Semi-fluid oils, as talloW, 
lard, and castor oil, are suitable. Sperm oil, thoiigh 
often used, is not suitable, since it lacks body; its 
price, too, is very great. Heavy mineral oils and 
compounds will, we think, be best, for we have 
shown in a previous chapter that compound oils are 
better than either of their ingredients used singly. 
Mr. Tower's experiments clearly showed that a mineral 
grease was better than a mineral oil for these cases. 
Tallow will cost, say, 4t\d. per lb.; castor oil, 3|c?., 
answering to about 4s. 2rf. and 3s. 3rf. per gallon 
respectively ; sperni oil from 4s. to 4s. 3rf. per gallon ; 
compound mineral oil from 2s. Id, to 2s. lOrf. per gallon. 

4. Heavy Pressure aiid High Speed. — Ordinary steam 
engine work (not cylinders, for that see 7), but crank 
pins, bearings, guides, etc., come under this class. They 
may well be again divided into two classes, heavy and 
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light, i, e. engines ranging from 160 h.p. upwards, and 
th^n those below that. For the heavier class neatsfoot 
and castor oils are used, 4s. Sd, per gallon and 3s. Sd, 
per gallon respectively. For the lighter class lard and 
tallow oil, as well as olive oil, at, say, 3s. to 4s. Sd. per 
gallon. Lard oil is generally used on torpedo-boat 
trials where the limits of pressure combined with high 
speed are closely touched, but since olive oil is now a 
little cheaper, that has been used lately. Heavy pale 
compound oils for the heavier class can be obtained at 
from Is. 9d. to 2s. 6d. or 2s. lOd. per gallon, while a 
lighter kind, suitable for the other class, at from Is. 5d, 
upwards. 

5. Light Pressure and High Speed, — Say up to 100 
lbs. per square inch and above 150 ft. per minute, met 
with in dynamo machinery, very fast engines for driving 
dynamos, looms, lace-making machinery, cotton-mill 
machinery, and so forth. For this sperm oil is much 
used, although the light natural mineral oils sometimes 
excel it at prices from Is. 6rf. to 2s. 7rf. 

6. Ordinary Machinery. — Under this comes a vast 
collection of every-day machinery, such as shafting, 
lathes, planing and shaping machines, drilling machines, 
pumps, cranes, circular and band saws, planing and 
other wood-working machinery, mortar mills, mowing, 
reaping, and threshing machines, traction engines, 
tramcars, flour milUng machinery, the lighter class of 
shearing, punching, and riveting machinery. For 
these machines, although lard oil, sperm oil, olive, 
neatsfoot or tallow oils are suitable and very e6Scient 
lubricants, yet we consider their price, ranging as it 
does from 2s. l\d. to 4s. 3d per gallon (see Table 
XVIII. ), leaves the door wide open for a cheaper 
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substitute iu the form of natural or compound mineral 
oils, at, say, from Is. 6d. to 2s. per gallon, some, in fact, 
as low as Is. A very good engineers' shop oil can be 
had for about Is. lOd. per gallon, which will answer 
for shafting, machines, and all purposes save cylinder 
lubrication, and be found the most economical, upon 
the whole. If the waste that takes place by machine 
hands, fitters, etc., could be avoided, an oil costing 
2s. 6^. per gallon would be found perhaps somewhat 
better; but it is almost impossible to prevent waste, 
so that it is best to use the cheaper oil. If circum- 
stances are such that great care can be exercised. in 
the use of oil, we should say use one about 2s. 6d, per 
gallon, on account of its greater endurance. As to 
lard oil, in warm weather we do not consider there is 
any oil to equal it weight for weight ; but being very 
expensive we do not consider it economical to use. 
Men will waste oil, nor will they waste less, generally 
speaking, if a good one is put into their hands, so that 
it is better to waste the same quantity of a cheap oil 
than the same quantity of a dear one. In cold weather 
lard oil becomes thick and is a little troublesome to 
use. For shafting in general use— shop shafting we 
refer to, not heavy marine or land shafts — loose pulleys 
and such like, we consider the use of solid grease 
lubricant is advantageous. A thoughtful and experi- 
enced engineer of our acquaintance, who has the entire 
management of the works of a well-known country 
firm, has kindly furnished the writer with the follow- 
ing particulars in connection with the use of solid 
grease for shop shafting, having used it for over ten 
years : ^^ Some manufacturers claim that there is a 
saving of 90 per cent, in using grease in lieu of oil. 
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We are quite sure that there is a large saving, but not 
to the extent claimed, when oil is properly used and 
the lubricators kept in proper working order. We 
have been using grease lubricant for several (10 to 12) 
years, and at the present time have seventy-nine bear- 
ings running with same, and are still extending its 
use, both on account of its economy and great cleanli- 
ness. As to cost, 1 lb. of grease, costing 68s. per owt. 
(7 Id, per lb.), will last one month for our seventy-nine 
bearings, and they would require in the same time IJ 
gallons of mineral oil, at Is. lOd, per gallon (2s. S^d.). 
Oar bearings carry ordinary shop shafting, and vary 
from 3 J in. to If in. in diameter, working on an average 
sixty hours per week, and running at eighty revolutions 
per minute. We consider that the grease and oil are 
equal in value as lubricants when the foregoing quan- 
tities are used, both keeping the bearings in good order. 
Grease can be bought as low as 38s. per cwt., but we 
always use the best at 68s., and have no experience 
with the other qualities. We have not noticed the 
least diflference in the grease that we use due either to 
summer heat or winter cold." 

Complaints are often made that in hot weather the 
solid grease becomes fluid and runs away like water> 
and we are glad to give the foregoing as rebutting 
evidence. It is not a very great assumption, we ven- 
ture to say, that such action in hot weather was due 
to using a cheap and bad grease. It may be of interest 
to some of our readers to notice that the lineal velocity 
of bearing surfaces varied from 4jO to 80 fL per minute 
in the above case, and that the bearings in the ease 
of solid grease on an average consumed each 2J ozs. of 
lubricant per annum, and the case of oil 26 ozs. per 
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annum. This last gives, at, say, 310 working days per 
annum and 480 drops in a fluid oUnce, about four 
drops per hour. This! appears very small, btit one- 
tenth the amount is all that is used in the case of 
solid grease, or four drops per day, reckoning ten hours 
per diem. The difference no doubt can be accounted 
for in great measure by the fact that so much is wasted 
by the escape of fluid oil at the ends of the journal. 
It is to be noted that in the above instance a saving 
of 75 per cent, on actual cost has been effected by the 
change. We shall later on, when describing the best 
means of Itibricdting, illustrate two or three very widely- 
used forms of lubricators for this material. 

7. Steami Cylinders. — In touching this most important 
section we shall ask the permission of our readers to 
recall their attention to what we said in Chap. V. in 
connection with Acidity and Decomposition, not, how- 
ever, to go over all the ground again. It was there 
pointed out that tallow consists of fatty acids — stearic 
and oleic — and glycerine, which acids are liberated 
by the action of water and high-pressure steam. It 
will be seen that the cylinder of a steam engine offers 
these conditions, and the fatty oils — animal and vege- 
table — ^become sooner or later reduced to their simpler 
elements. Mineral oils are entirely free from this 
objection ; and when they have been prepared for use 
by steam heat only, without the use of sulphuric or 
other mineral acids, they are most suitable for use in 
cylinders. There is another evil, too, attendant on 
the use of tallow in connection with the boiler. Mr. J. 
F. L. Crosland, in a discussion at a meeting of the 
Association of Employers, Foremen, and Draughtsmen 
of the Mechanical Trades of Great Britain, said that 
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" all boiler engineers were aware that where tallow was 
used in the cylinders of a non-condensing engine 
which delivered exhaust steam into the feed-water 
cistern^ and where the water contained carbonate of 
lime (chalk), they were almost sure to have the burn- 
ing of furnace plates. It was a difficulty which did not 
happen where the water was pure — as in Manchester 
or Glasgow. Wherever the water was quite pure and 
free from deposit there was no trouble. . . . Where the 
water did not produce that particular kind of deposit 
the grease did not do any harm — that was to say, 
tallow, or suet, or any animal or vegetable oil, seemed 
to be innocuous " — that is, as far as the boiler is con- 
cerned, — "but wherever the water produced a fine, 
floury deposit, such as was found in the south of Eng- 
land, boiler flues were liable to collapse. He remembered 
that at the Scarborough waterworks the collapses of 
flues were so frequent that it could only be concluded 
that they were purposely (paused, and inspectors were 
sent day and night to watch the boilers, and it was 
found that, with eight or nine inches of water in the 
glass, the furnaces went down before their eyes. The 
deposit in this instance was of the floury nature 
described, and very little was sufficient to cause collapse 
as long as any grease was allowed to enter the boiler. 
All imaginable devices were made to strengthen the 
flues of these boilers, but nothing would keep the 
furnaces in order till tallow was prevented from enter- 
ing. It was a noteworthy thing that, where cylinder oil 
was used with the same water, it did not seem to have 
this ohfectionable result" This testimony to the value 
of mineral oils is very decided, and has the advantage 
of being entirely unbiased. If, as is sometimes 
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Decessary, it is advisable to add a small percentage of 
animal or vegetable oil to a mineral oil to impart 
more hody to it, the above-mentioned injurious defects 
are reduced in a very great degree when compared 
with the use of pure vegetable or animal oil. 

Su/rfeice Condensing Marine Engine Cylind&rs. — In 
this class of cylinders a pure hydro-carbon mineral oil 
is most essential, since the feed water is used ove^ 
and over again. The higher the pressure, and the 
larger the engine, the heavier the oil should be. The 
price per gallon ranges between 2^. and 38. 9d 

Heavy Horizantal Land Engine Cylinders. — In these 
engines — say from 300 h.p. upwards — the lubricant is 
subjected to a much higher pressure, due to the weight 
of the piston bearing upon the cylinder, and, conse- 
quently, a thicker oil is advisable in such cases than 
is used in vertical engines. Added to this, land 
engines are usually jet-condensing — if surface-condens* 
ing they would come under the previous class — and, 
therefore, the admixture of a little animal or vegetable 
oil to give body is admissible. Tlie prices would not 
vary much from the previoiu9 class. 

Ordinary Land Steam Engine Cylinders running from 
small shop engines, traction engines, etc., up to about 
300 h.p. For such we should recommend a pure, 
or nearly pure, hydro-carbon oiL These will run from 
Is. lOd* to Ss. 9d,; we recommend one at about 3^., 
and believe that such will be found to give every 
satisfaction. 

SmeM Engines, say up to about 6 n.h.p., working with 
30, 40, or 50 lbs. of steam, will thrive under the class 
of oil we indicated for general shop use at 1^. lOd, per 
gallon, since they are seldom or never fitted with sight- 



110 FRICTION AND ITS REDUCTION 

feed lubricators, which are necessary for the economical 
use of higher-{)riced lubricants. 

Gas Engine Gylitiders, — For these, owing to the very 
high temperatures occasioned by the explosion of the 
gas, it is necessary that oils of the highest quality, as 
regards flash-point and degree of refining, should be 
employed. Pure hydro-carbon oils may be used, but 
mixtures of mineral and fatty oils, if carefully prepared 
and their proportions suitably adjusted, possess certain 
advantages over the unmixed mineral oils. A light 
amber-coloured oil is to be generally preferred to a 
dark one ; such can be bought for 2s. 4d. per gallon ; 
one at 3s. per gallon should be the most expensive 
allowed. 

Hot Air Engine Cylinders come under the same con- 
ditions as ordinary land steam engine cylinders, and 
the remarks made above will apply to this case. 

8. Watches and other Delicate Mechanis7n, — Watches, 
clocks, mathematical and nautical instruments, steam 
engine indicators, sewing machines, and such kind of 
machinery, need very refined oils, and, confiequently, 
fancy figures are charged for them. All the finer oils 
are got up for these purposes — sperm, olive, porpoise, 
bone, and almond oils, as well as light mineral lubricat- 
ing oils, are sold either pure or as mixtures, sometimes 
under fancy names and in small quantities, for which 
the consumer has the inestimable privilege of paying 
300 or 400 per cent, over their actual value. The small 
amount used, too, has, without doubt, a tendency to 
raise the price. It should be mentioned that in all the 
foregoing cases the prices mentioned are for large 
quantities; where a few gallons only at a time are 
bought the figures are sure to be a little higher. 
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Stauffers Lubricant is one of those compositions 
known as " solid oils/' which find, and we consider 
justly, favour under certain conditions of work — the 
absence of drippings and consequent cleanliness of 
bearings and economy in lubricant being undeniable 
advantages. To say, however, that it is suitable under 
every condition is going too far, and our own opinion is 
that a properly designed oil-bath bearing would be 
found to work with less friction and quite as eco- 
nomically, but, unfortunately, such bearings are not easy 
of application; and would require, generally, entirely new 
bearings, which would mean as many pounds in outlay 
as a lubricator to use solid grease would shillings. 

Staufifer's Jjubricant is guaranteed to be free from 
acid and also not to gum. Its lowest melting-point is 
180 deg. Fahrenheit and 212 deg. Fahrenheit, according 
to its grade. It is made in five grades : — 



Al grade 


68s. per cwt. 


A „ . ... '. 


56s. „ 


B „ ..; . 


48s. „ 


^ Centi-Grade 


.. . 48s. ,j 


„ 


38s. 



Of these we recommend the best at 68s. per cwt., unless 
for very rough work. The Centi-Grade is made 
especially for high temperatures and hot climates ; its 
melting-point is 212 deg. Fahrenheit. If had in 3^ cwt. 
casks a reduction of about 4 or 5 per cent, is made from 
the above prices. 

Stauffer's Inibricdtors. — These are made in several 
forms to suit different purposes, but the principle of 
their action ip always the same. Fig. 27 illustrates the 
-ordinary type, and the table oh p. 112 gives the sizes 



112 



FRICTION AND ITS REDUCTION 



X 



U2 

O 
Q 



g 



H 

1-4 



Pi 



J g 



P 



H 

GQ 

o 






SI 



cHoo oo(oo Hn «H* 

•Hio (M Ol GO 



QD 






t 



^^tj* '^"flf ^^v4 



CO 



)0 



HH (M tH I-H 



04 



^ 



gj«H< $ H» H* HN «H« 



00 



fl«to H® HS H^ 



Hn -4* 



C9 






-4S Hac 






cHN ®M ttl» 



HH C0(J0 



O 

5^ 



<1 O pq p 



• • 



: : : 9 






O 
O 

«M 
O 

0) 



04 
a 

o 



a 

O 



9 

A 







a 


51? 


•(2 

1— 1 


rH 


CQ|0O 


■Qto 


;o 


,1 


00 


fl^ 


1-^ 




cflpo 


«l» 


ta 




t» 


5?? 


rH 


f-H 


CQ|30 


•QlB 


^ 


1 



I 









50 



(N 






08 



OD 
08 

CQ 

(2 



^ 
4 






(M 






£ 



COMPARATIVE VALUE OF LUBRICANTS 



113 



corresponding to the letters on Fig. 27 for the ten 
different sizes in which they are made. We have 
specially drawn this figure and tabulated the dimensions 
in order to enable our readers, before ordering, to know 
what space they will occupy. The prices given are for 
all gun-metal lubricators, but they can be had in special 
toughened fluted iron at from 30 to 40 per cent. 




1-/7*1 



Fio. 27. Stauffer's Lubricator. 



cheaper ; there is also a slight reduction on the dozen. 
Since, both with the iron and gun-metal cups, the 
shanks have been found to break off, Messrs. Trier Bros, 
have introduced a New Patent Lubricator, in which a 
wrought-iron nipple is screwed into a toughened cast- 
iron shank ; when these shanks are fitted with polished 
gun-metal caps they are recommended as superior to 
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qU gun-metal lubricators, being considerably cheaper yet 
fuUy equal to them in appearance. 



FaUjU Tdl'Tale Automat'k Liih-icatox. — Fig. 28 sitqws 
tfiis form of lubricator ; it hgs a pcpjectijig Qj\m^r op 
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bap of the cap A, of much smaller diameter than the 
capiJB which a cup leather piston, B, is pressed down by 
meaos of a weak spiral spring. The piston rod D, 
passing throagh the top of the cylinder, serves not only 
as a guide for steadying the piston but also as a tell-tale. 



showing when the cap wants another turn down, which 
again forces the piston B up, bringing the spring again 
into action. The screw C is to regulate the supply to 
the bearing. 

Heisert's Patent Self-Acting Lubricator. — Fig. 29 is an 
outside view of this apparatus. In all the abqye- 
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described cups the cap needs to be given a turn down 
by hand every week or eight days, but this is entirely 
self-acting. A soft cup leather piston works in a strong 
glass reservoir. This piston has attached above it a 
hollow stem, which is loaded with shot or washers just 
sufficient to keep up a gradual and constant supply of 
grease. The four following advantages are claimed for 
it :— 

(1) Contents always visible, since reservoir is of glass. 

(2) Lubricant cannot squeeze past piston nor can 
piston jam, giving certainty of action. 

(3) Pressure on piston being constant, supply of 
grease is regular, ensuring hetter economy, 

(4) Since reservoir can easily be detached from base 
it can he easily filled. 

Prices, each, are as follows : — 

Interior diameter and ) ^i . ^^ . «. c>q • «q' 
depth of glass ... I 14in.,liin.,2in..2|in..2fin. 

Price with screwed shank, Is. 9eZ., 2s. 3r?., 2s. 9^., 3s. 6rf., 
4s. 3^. 



CHAPTER IX 

DISTRIBUTION OF LUBRICANTS 

The Distribution of Lubricants — Cylinder Lubrication — External 
Engine Lubrication — Lubrication of Shafts — Magnolia 
Anti-Friction Metal. 

In considering the question of lubrication in actual 
every-day practice it must be borne in mind — 

(1) That sperm is the dearest and mineral the 
cheapest oil. 

(2) That sperm oil has the least weight-carrying 
power, though the lowest co-efficient of friction. 

(3) That mineral oil and mineral grease carry very 
high loads. 

(4) That for high pressures a thick lubricant is better 
than a thin one. 

(5) That for law pressures, combined with high speeds, 
the best lubricants are best refined light petroleum and 
best southern winter bleached sperm. 

(6) That compound oils have advantage over either 
pure vegetable or mineral oils, save in the case of cylinder 
lubrication. 

(7) That as little oil as possible should be used con- 
sistent with good results, and as thin a one as the 
weight to be carried by journal will permit without 
squeezing out. 

(8) That relatively more power is expended in driv- 
ing, i, e. overcoming friction, in light machinery than in 
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heavy machinery, and therefore users of such should 
expend more care in looking to value of hibricants, etc. 
(9) That an account of the various lubricants used 




Fig. 30. 



should be kept with as much dietail as possible, and also 
that tests should be made especially with regard to 
viscosity, this test being second only to best testing 
machine methods. 
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(10) That the hibricant should be chosen, not hap- 
hazard, but with regard to the kind of work it has to 
perform. 

(11) That continuous lubrication, such as is provided 
by means of an oil bath, is the very best ; but that in 
practice this is not always, nor even frequently, con- 
venient, and so in adopting another method we must 
aim at something as near to it as possible. 

(12) That our aim, if possible, should be to eliminate 
any metallic friction in journals, i.e, they should be 
entirely oil borne. 

(13) That a dry place on a journal is the beginning 
of all trouble, therefore give plenty of grooves. 

(14) That some journals run best a little hot. 

(15) That the oil tubes should be frequently taken 
down and thoroughly cleaned inside. 

(16) That the total amount of friction on a journal is 
decreased by cutting away at sides. 

(17) That the wrong place to introduce lubricant is 
the place where the greatest pressure is, and the best 
place is at the side which is leading on to the place of 
greatest pressure. Where there is reciprocation, as in 
the end of a connecting rod, this is not such an im- 
portant matter, for time is then given to permit the oil 
to get between the surfaces. 

(18) That for a very high velocity the bearing should 
be long, the ratio of length to diameter being between 
3 and 4, and for slow speeds with heavy pressures a short 
bearing is best, the length being from 1 to 1 J times the 
diameter of shaft or pin. 

(19) That the amount of pressure per square inch 
allowed in usual practice is as follows : — 
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Main Bearings of a/n Engine should never exceed 600 lbs. per. sq. in. 

Average 300 
OranAj Pirw never exceed 500 

Average 400 

\ 800 
However, in Paddle Engines\„^, . , „^ . „„^, I ^^ 

which move slowly >^ ^'^^ «« ^« "«^^| ^ 

Grosshead cmd Gvdgeon PinsA should never ^ , oqq 
t.e. small end of connecting rod/ exceed / * 
(Very small angular movement, and very slow.) 
Cruiete £2ocA;« never exceed 100 

Average 40 
Ordinary Shafting never exceed 300 

Average 100 

(20) That proper lubrication does not consist in pour- 
ing a lot of oil into a bearing and chancing where it goes 
to, but in maintaining a film of oil between shaft and 
bearing. 

(21) Pay great attention to the distribution of the 
lubricant and use, whenever possible, automatic means. 

This last consideration introduces us to the subject of 
this chapter, and it is with no hesitation we say that it 
is the most important factor in lubrication. This will 
be best treated if we consider, first, cylinder lubrica- 
tion ; second, exteroal engine lubrication ; and last, shaft 
and machine lubrication. 

Cylinder LubricatioiL — The most common form of 
lubricator for this purpose is something similar to Fig. 
30. This is fitted either upon the top cover of cylinder 
or upon the valve chest, in some cases in both places. 
The figure gives a view of a very inferior class of cup 
used only for small cylinders, say up to 7 in. or 8 in. 
diameter, as are frequently met with in cranes and such 
like. A much better form is with another cock and 
handle introduced above the cup A in place of the 
screw- cap B, which is diflScult to keep tight under 
steam. There are two objections to this form : (1) that 
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the supply is at very long intervals, and (2) that it is 
not automatic. Two other designs fulfil these conditions, 
namely, the displacement cup and the sight-feed lubri- 
cator, the latter possessing the advantage of regulation, 
and also that the actual number of drops fed per minute 
can be seen. The displacement cup is due, if we re- 
member aright, to Ramsbottom, and depends upon the 
condensation of a small portion of the steam in the 
cylinder forming a drop of water, which sinks through 
the oil in the cup and displaces an equal amount of oil, 
which finds its way into the cylinder. This is in use to a 
considerable extent on locomotives, but it is not gener- 
ally used elsewhere. We show in Fig. 31 a sight-feed 
lubricator made by Messrs. Dewrance and Co., London. 
The illustration plainly shows the way the attachment 
is made to the steam pipe. The tipper cock admits 
steam into the coil condenser, from which it passes down 
into the body of the lubricator and gradually diBplaOes 
the oil, which passes in drops up the glass tube into the 
steaui-pipe by the lower attachment. The oil is intro- 
duced into the lubricator by fifst closing the handle B, 
which liberates the handle C and allows the cock to be 
opened between the cup and body of machine. The 
cock E is to drain oflf the condensed water from the 
lubricator. 

The Crosby "double connection " pattern sight-feed 
lubricator (see Fig. 32) has two connections with the 
steam pipe, one being made with the condenser, and one 
with the sight feed. The pressure of steam in both is 
the same, but the steam coming in contact with the cool 
surfaces of the condenser condenses and fills it and the 
pipe leading to the oil reservoir with water ; then the 
hydrostatic head due to this column of water forces the 



DISTRIBCTION OF LDBEICANTS 123 

oil out of the lubricatof through the sight glass into the 
oil delivery pipe, and thence into the steam pipe. As 
last as the oil is fed out, its place is taken by water 
from the condenser, until the oil reservoir hecomes 
entirely filled with water. The oil forced out of the 
reservoir passes through the feed valve F, and through 
a small tube or nipple at the bottom of the sight glass ; 



il Clin then be seen, as it passes to the stcain pipe, ris- 
ing drop by drop through the water with which the 
glass is filled. When the oil reaches the steam pipe it 
becomes mixed with the steam, and is carried to all the 
internal parts of the engine. The feed can be regulated 
by the valve F so that just the right quantity will be 
fed in continuously to keep all the rubbing surfaces 
constantly covered with a film of oil and consequently 
perfectly lubricated. It is evident that this result will 
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be attained with a minimum expenditure of oil. This 
style of lubricator can be fixed in any convenient place, 



I 




jf DIA 



•5 



Fig. 35. 



the oil being conveyed by means X)f copper pipes to the 
cylinder or cylinders. 
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Hxteriial E|igi&e Lubxicatiaa. — Main hoanags, slides, 
coQnecting-fod ends, ecceutoics, and eocentric rod ends. 
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Fig. 36. 



Taking the first, main beariiigs, we ha^ya drawn Figs. 
33 and 34 to show a thoroughly good method. of oiloxig 
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this class of beariog. The example is taken from aetual 
work, and is in use on the bearings (4 in. diameter,. 6 in. 
long) of a fast-running marine engine (250 revolutions), 
indicating over 200 h.p. A is a light brass box, with 
two brass tubes (B) brazed in to form the syphons ; it is 
secured to the cap (F, F) by means of two set screws ; 
the brass (E, E) is of gun-metal, into which is run white 
metal to form the shaft-bearing. It will be observed 
that the white metal is not placed at the sides of bear- 
ings for a distance of | in. each side of the centre line, 
J in. in all each side. C, G, C, C are oil channels cut into 
the white metal ; it is most necessary for good working 
that these should be ample. Figs. 35 and 36 show an 
oil box for lubricatiug the connecting rod, piston rod, 
and guides of the above engine, one such box being 
fitted upon the lagging of both high- and low-pressure 
cylinders. This possesses two valuable features: (1) 
The feed can be adjusted to a nicety, and (2) then the 
drops can always be seen dropping from the box into 
the cups, which are fitted with copper pipes (A, B, and 
C), and lead where desirable. No means of attachment 
have been shown, but such will readily suggest them- 
selves according to the situation. The removable bar 
holding up the copper pipes (A, B, and C) allows of 
suggestion No. 15 being carried out without trouble. 

Turning now to connecting-rod lubrication, various 
ways suggest themselves, according to the size of bear- 
ings, type of engine, and its velocity. Fig. 37 shows a 
very small syphon lubricator. A, suitable for use on 
bearings, about 1^ in. diameter by 2| in. loQg, also for 
eccentric rods. It is st^rewed into the cap C of the 
bearing 3. D is a small brass tube inserted to make a 
syphpn, Thene is, however, one great objection to it, 
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aod that is the open top permitting dust to collect ; but 
for cheap and to some extent rough work, like is met 
with in cranes, they answer every purpose and are ex- 
tremely cheap. Fig. 38 shows a needle lubricator suit- 
able for the same service on a horizontal slow-runoiDg 
engine, say up to 60 revolutions per minute. A is a 



I 

Fio. 37. 

brass casting formed to receive the glass cup B, which 
is held in position hy the brass cap C. D is a fly-nut 
with a leather washer £ underneath, and ia used for 
filling lubricator ; F is the needle made to bear upon the 
journal. For much faster running horizontal engines, 
a lubricator is generally designed which depends upon 
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ceotrifugal force io its action, but our space forbids a 
description. Again, in very fast-running engines, like 




Flo. 88. 

Willaa's Central Valve or Qlobe Compound, the con- 
necting-rod ends run in a bath of oil, by far the best 
method, but of course iaapplicable to most engines. In 
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Figs. 39 and 40 we give an example of an oil cup for an 
inverted type marine engine. A is a brass cup (shown 
in section in accompanying view) which is fastened 
to the top end of connecting-rod B, the lubricant 
passing down the copper pipe C to the big end of the 
rod. In Fig. 40, which shows the interior of cup, 





Fig. 39. 



Fig. 40. 



G, G are the studs to secure it to rod and F the copper 
tube. One of the pipes shown in Fig. 35 is so led that 
it will drop into the top and thence to brass. The cross- 
bar E is to rest the end of oil-can spout upon in the 
event of oiling by hand. The crosshead pin is lubri- 
cated in the same way by a similar cup fastened to the 
crosshead. The cup is about 1 in. wide, and is suitable 
for a 4 in. by 6 in. bearing. 
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We show in Fig. 41 a neat method of lubricating 
the piston rod of an horizontal engine, 1 J in. diameter 
— we have shown it thus merely for the sake of space, 
but it can be used for rods up to 3 in. diameter ; it is 
arranged on the syphon principle. It necessitates the 



\ 




Fig. 41. 

flange of the gland being made slightly thicker than is 
usual For larger rods 4 in. to 6 in. diameter an oil 
cup is often fixed which drops the oil upon the rod 
just outside of the gland. 

Lubrieatum of Shafts. — :These may be oiled by the 
following methods: — Solid grease cup, syphon grease 
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cup, needle lubricator, pad, or oil bath. The solid 
grease cups we dealt with in the last chapter, and 
merely say again that it is a much-used method. The 




Fig. 42. 



syphon cup may be as simple as that shown in Fig. 37, 
as good as that shown in Fig. 33, or as elaborate 
as fancy or prejudice may dictate. We give another 
illustration, Fig. 42, showing the simplest form of the 
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needle lubricator. Fig, 38 also gives auother which, if 
neater and a little more expensive, is not by any means 
more effective. Figs. 43 and 44 give an approximation 
to an oil bath. This bearing is made by the Globe 
Engineering Company, and is lined with magnolia 



[--/*f ■— ^ 



Looking first at the longitudinal section (Fig. 43), there 
is a main caflting A with a cap B, turned inside to a 
portion of a sphere allowing the casting C, C to move in 
it. This casting is bored out and lined with magnolia 
metal at D, 1), D ; in the spaces of G, Q two chains 
revolve which pick up the oil in the bottom of bearing 
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and convey to the top of shaft, the spaces F, F, F being 
cut out on purpose to allow of the distribution of the 
oil. In the transverse section in Fig. 44 the method of 
securing the magnolia to the casting by dovetail grooves 
is clearly indicated. The makers say that one charge 



r — r"~^ 



Fio. a. 
of oil will suffice for a twelvemonth in this type of 
bearing. 



HdgaohA Anti'&iction Uetal — Among the many anti- 
friction metals in every-day use we must refer to the 
"Magnolia" metal. Several important advantages are 
claimed for it, not the least of which seems to be its 
adaptability for both light and heavy work. It is 
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equally suitable for the heaviest plate-mill roll bearings 
and the lightest spindles of a spinning frame. Many 
tests have been made upon it both in this country and 
the United States. Another good feature is its capability 
of running for a considerable period of time without 
lubrication. This will be of interest to our readers, 
since if from carelessness or accident the supply of oil 
gets cut off, a bearing lined with magnolia may be 
trusted to run cool for a considerable time without 
injury to the shaft. 

Another adaptation is also worthy of notice, namely, 
the use of magnolia with perfect success for the faces of 
marine and locomotive slide valves, where lubrication is 
anything but perfect, and where, we are informed, it 
can be adopted for steam pressures as high as 225 lbs. 
per square inch. The slide valve is, of all the moving 
parts of an engine, the place where the co-efficient of 
friction is the highest, 0*2 being generally used in 
making calculations for the stresses set up in the 
rods, etc. 

The way in which a valve face is usually lined up is 
by the insertion of dowels of the metal, the holes being 
undercut, and after the metal is poured in and cooled, 
it is well hammered into place. Another point about 
it is the fact th|kt it can be re-melted time after time 
without deterioration through oxidation. 

We may, lastly, turn to some special tests of the 
metal in conjunction with others, remarking, by the 
way, that with special machines, tests as to pressure 
and velocity of rubbing surfaces can, of course, be 
carried out considerably beyond the limits which neces- 
sarily obtain in actual work. 

The Government of the United States instituted 
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some experiments in order to arrive at the comparative 
values of the magnolia and Parson's White Brass No. 2. 
The results are published in the Report of the Secre- 
tary of the Navy, U.S.A., 1888. It would be occupying 
too much space to reproduce the whole report, but it 
concludes thus : — " A summation of the results of the 
experiments on this machine shows the great superiority 
of the magnolia metal over the Parson's White Brass. 
The magnolia, even after the heaviest stress, retains a 
smooth polished surface. This metal has also been 
tested in the friction machine up to 600 lbs. per square 
inch — the limit of the machine." We understand that 
it is in use in over twenty of the United States war 
vessels. 

Another test is that carried out by an influential 
firm in the North of England. The conditions were as 
follows : — A shaft 3 in. diameter was run in two bear- 
ings 4J in. long each and 16 J in. centres; between 
these was placed the magnolia bearing to be tested. 
This was 3 in. by 3fV in., giving an area of 9*56 square 
inches. The total load upon the bearing was 3,024 lbs., 
giving thus an average pressure of nearly 500 lbs. per 
square inch on the bearing. The revolutions were 183 
per minute, giving a lineal velocity at surface of bearing 
145 feet per minute. The run was for (mcr fov^r hours, 
and oil was supplied for the first ten mintUes and then 
completely shut off. 

Maqnolia Bearing. 



Temperature. 


Temperatnre. 




Temperature 


Time. Falir. 


Time. Fahr. 


Time. 


Fahr. 


3.50 p.m. 71-6 


4.15 p.m. 88-7 


4.40 P. 


M. 93-2 


3.55 74-3 


4.20 89-6 


4.45 


91-4 


4.0 77-0 


4.25 91-4 


4.50 


91-4 


4.5 80-6 


4.30 93-2 


4.55 


91-4 


4.10 860 


4.35 93-2 


5.0 


91-4 
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Tfme. 

5.5 P.M. 

5.10 

5.15 

5.20 

5.25 

5.30 

5.35 

5,40 

5.45 

5.50 

5.55 

6.0 



Temperature. 




Temperature. 




Temperature. 


Fahr. 


Time. 


Fahr. 


Time. 


Fahr. 


93.2 


6.5 P.M. 


145-4 


7.5 P.M, 


136-4 


93-2 


6.10 


138-2 


7.10 


136-4 


93-2 


6.15 


138-2 


7.15 


1391 


95-0 


6.20 


138-2 


7.20 


1400 


102-2 


6.25 


138-2 


7.25 


138-2 


104-0 


6.30 


138-2 


7.30 


138-2 


111-2 


6.35 


137-3 


7.35 


135-5 


1301 


6.40 


136-4 


7.40 


132-8 


125-6 


6.45 


137-7 


7.45 


129-2 


123-8 


6.50 


138-2 


7.50 


127-4 


123-8 


6.55 


137-7 


7.55 


129-2 


140-0 


7.0 


1400 


8.0 


129-2 



Total Revolutions run, 45,602. Mean Speed, 182*44. 

Remarks. — Magnolia bearing in perfect condition at finisli ; 
weight same as at commencement. 

Note. — In explanation of the decrease in temperature of mag- 
nolia metal during the last portion of the run it should be stated 
that this bearing was cast on a mandril and put in place rough, 
so that it had comparatively little bearing-surface at first, and 
when examined at the end of the test was found not to have a 
full bearing even then; but, of course, as the total pressure 
remained the same throughout the test, viz. 3,024 lbs., as the 
bearing- surface increased the pressure per square inch was cor- 
respondingly reduced, hence the decrease in temperature. 

With regard to the conditions under which this trial 
was made, we would point out that the pressure per 
square inch was not excessive, 600 lbs. being often used 
in Admiralty work; again, the velocity was also an 
average working allowance. But the remarkable point 
was the unusually long time the bearing ran without 
any supply of oil. Once more we may say we consider 
it a very great advantage, and worthy of special con- 
sideration, that under very fair working conditions a 
run was made lasting 4 hrs. 10 mins., during 4 % of 
which time only oil was supplied. 

The last test to which we draw our readers' notice is, 
however, far more severe than either of the two fore- 
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going. A number, thirty or forty, of diflferent anti- 
friction metals were tested. The machine used was a 
5-in. collar keyed on a 3-in. shaft, and lubricated with 
sperm oil. Speed was 1,600 revolutions per minute, 
giving a lineal velocity at surface of journal, 2,083 feet 
per minute, for all the metals. 
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Its condition at the finish was practically perfect. The 
next best was Stone's Navy White Bronze, which 
fased after running 14 minutes with 1,000 lbs. per 
square inch; Parson s White Brass No. '2 fused in 10 
minutes with the same pressure, and Dewrance's " Bab- 
bitt" fused in 10 minutes with but 900 lbs. pressure. 

This test gives a factor of *^ = 3^ over the greatest 

permissible pressure in steam engineering. 



CHAPTER X 



BALL BEARINGS 



Introductory — Size—Material — TeBt of Balls— Design of Ball 
Bearings. 

Introductory. — It is only during the past few years 
that the question of ball bearings has come into 
prominence. Cycles have been the pioneers in this 
movement in a manner somewhat similar to the way 
in which torpedo boats have taken the lead in high 
speeds, and become the pioneers in the production of 
those magnificent vessels which we justly term " ocean 
greyhounds.*' Conservatism in the methods of machine 
design, without doubt, has retarded their usage in this 
country. Well would it be for us if this stopped at 
ball beari&gs; but, unfortunately, it extends itself to 
other classes of machinery and tools. 

A practical example of the importance of ball bear- 
ings in reducing friction will not be out of place. 

Mr. W. R. Warner, of the noted firm of Warner and 
Swasey, XJ.S.A., at a topical discussion of the American 
Society of Mechanical Engineers, at Philadelphia, 
November, 1887, referred to the work of his firm in 
connection with the Lick telescope. The tube weighed 
i^ tons; it was 56 ft. long. As is known in such 
constructions, the tube must be supported from one 
side — that is, it cannot be held by trunnions, but it 
must be suppoiled near the centre and from one side. 
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It is necessary for this tube to work very easily; in 
fact, the friction, as far as possible, must be removed, as 
the tube must move very smoothly in following the 
star at which the observer is looking. It seemed 
almost impossible to make it move easily enough in 
the ordinary way by using friction rolls, so instead of 
that we used (said Mr. Warner) the method of sur- 
rounding the axis close to the tube with a series of 
rolls 2| in. diameter and 3 in. long, with a result which 
seemed very satisfactory. This tube, weighing 4| tons, 
when balanced on these rolls, would turn by a pressure 
of four pounds at the end (one finger would move it 
very easily), so that the problem was thus completely 
solved. 

Another effort to solve a similar problem in a diflFer- 
ent position where the rollers would hardly do — for it 
was the end thrust on a heavy weight — was accom^- 
plished by using hardened steel balls running in 
circular concave tracks. In this problem, simply to 
test its working, Mr. Warner added, " We placed a 
weight of 2| tons on forty balls 1 in. diameter in the 
two circular tracks, and this 2J tons was turned by a 
pressure of one pound at a radius of 3 ft. Almost all 
the friction in these two cases was reduced to rolling 
friction instead of sliding friction." 

Mr. Warner added that the balls followed the rins: in 
which they were running. The groove in which they 
ran was J+^V ^^' radius, so that it was practically a 
plane surface, bearing only on the top and lower edge, 
and the balls worked together so that the whole ring, 
when they were pressed together, left only ^^ i"- 
between the last two balls. In the case of the rolls, 
they were not together, but had their axis running on 



BALL BEARINGS 141 

steel balls four-tenths of an inch diameter, the 2 J in. 
rolls thus being held in a live ring, so that their surfaces 
did not touch each other. There was no lubricant, 
everything ran dry. The best result was with the balls. 
As to the amount of weight allowed, it was found safe 
to put on the balls something less than 1,000 lbs. per 
ball, while on a roll having its bearing surface its full 
length of 3 in., a much larger weight could be 
laid. 

Again, with regard to actual tests, Mr. G. F. Simonds, 
who has spent much thought and ingenuity upon the 
production of perfect balls and the design of ball bear- 
ings, said that some bearings of his have been subjected 
to an exhaustive test, to determine their wearing 
qualities and saving in power. This ^test demonstrated 
that the friction is less than one-thirtieth of that 
developed by the best class of ordinary bearings now in 
use. The rotating shaft of the testing machine was 2^ 
in. diameter, and the balls used in the bearings were 
three-eighths of an inch diameter. The first series of 
tests demonstrated that the maximum speed attainable 
with the best ordinary bearings under 200 lbs. pressure 
was 100 revolutions per minute, owing to excessive 
heating of the journals and boxes. A ball bearing 
mounted on the same shaft at 1,000 revolutions, under 
a pressure of 2,800 lbs., did not heat at all. 

In the second series of tests ball bearings were 
introduced into the machine, where the ordinary bear- 
ing in the first test had been used. The velocity of the 
shaft was then increased to 2,600 revolutions per 
minute, and it was demonstrated that increase of 
pressure on the bearings did not perceptibly increase 
the resistance (or friction), and with an increase in the 
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velocity the resistance was so slight as to be of no 
material importance. 

In considering the subject, which we have introduced 
by the above interesting references, let us first look at 
two important requisites in good balls: (1) Size, and 
(2) Material. 

Size. — In addition to the relation of one ball to 
another there is a most important feature to be 
attained first in each ball, apart altogether from its 
relation to any other — each must be a perfect sphere, 
or it will not roll equally well in every direction. It is 
owing to the difficulty found in turning perfect spheres 
in workshops which are not equipped with plant 
designed for that particular service, that at one time 
rollers used to find a more prominent place than they 
now do, for it was easy to turn a perfectly true 
cylindrical or conical roller, or a series of them, differ- 
ing but an infinitesimal amount from each other with 
ordinary lathes. But the demand for balls has increased 
so much of late that it has justified the installation of 
special plant for the purpose of producing them, and 
consequently rollers do not find so much place. The 
next consideration with regard to size is that all the 
balls must be of exactly the same diameter if intended 
to work together, since an appreciable difference in 
diameter of any one of them will throw all the load on 
to the largest ball or balls. 

The permissible amount of variation in the diameters 
of balls intended to work together is not by any means 
fixed on a uniformly accepted standard. One English 
firm guarantees, for exatnple, no greater variation than 
a 0^)0 ^^ ^f ^^ inch, while an American manufacturer 
claims for his productions a maximum of only lovioo ^^ ^^ 
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an inch. We have no doubt whatever that the first 
firm could produce balls equal in uniformity to those of 
the American firm, but of course it means more labour 
and care in manufacture, and consequently a higher sell- 
ing price. We are sorry we cannot compare the prices 
of these two firms. This would be most interesting. 

Balls are now made and sold for mechanical purposes 
of all diameters, from ^^ of an inch up to 2 ins. The 
few who have had experience with the design of ball 
bearings for other purposes than cycles, recommend as 
large a diameter as possible. The necessity for keeping 
everything light has necessitated the use of small balls 
on cycles, but where lightness of construction is not 
such an essential condition, the precedent of cycle 
manufacturers can be safely departed from. 

A correspondent ^ in the AmeiHcarC Machinist writes : 
— "I would always use balls of as large a size as 
reasonably practicable. The small sizes used for 
bicycles no doubt assist in keeping down dimensions, 
and therefore weights, but for ordinary machinery 
I think larger diameters are preferable,'* 

Material — For the work to which balls are put the 
material must, of course, be suitable, and must not only 
be hard and capable of resisting wear and tear, but 
also possess suflBcient elasticity to return to their 
original shape after having been compressed by the 
bearing weight coming upon them. These conditions 
are fulfilled best by steel balls suitably hardened. Some 
makers use the very best close-grained crucible or 
diamond tool steel, heated in an American gas furnace, 
and hardened right out in water, and drawn down 
afterwards to the required .degree of hardness. Other 

1 Mr. W. H. Booth. 
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makers use Bessemer or low carbon steel, which costs 
one-fourth the price, and case-harden the balls — a 
ruethod which, when applied to armour plates for war- 
ships, is known as the Harvey process. 

•Tests of Balls. — The next point after having obtained 
a perfectly-shaped ball and of suitable material is to 
know what weight certain size balls will support and 
work well under. As may be imagined, very few 
reliable tests have been carried out, and fewer still 
have been made public. Mr. G. F. Simonds, who has 
patented and perfected several important inventions 
relating to the manufacture of balls, gave the following 
interesting facts at a meeting of the Franklin Institute, 
Mass., U.S.A., October, 1893: "A test of the resisting 
power of steel balls was made. Three f in. diameter 
steel balls stood* a direct pressure of 175,000 lbs., or 
58,000 lbs. per ball, without injury. The same size 
balls were rotated between parallel plane surfaces, and 
under these conditions the balls and the bearing sur- 
faces, the latter of Bessemer steel case-hardened, stood 
successfully a pressure of 2,500 lbs. per ball." The 
first figure (58,000 lbs. per ball) seems a little startling, 
and we cannot imagine such an extreme test leaving 
the balls exactly as it found them. We do not say that 
they were cracked or crushed, but certainly they must 
have had a permanent set in them which could have 
been detected with a micrometer gauge. We base this 
opinion upon some actual experiments made upon 
hardened steel roller surfaces which are lying before us, 
and which, though interesting, we have not space to 
reproduce. 

Mr. Booth, whom we have already quoted, says: 
" For smaUer bearings I have used y^ in. and | in. 
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balls, and have applied in this way about twenty 
balls of j\ in. diameter to the repeated stress 
involved in lifting a load of some 5,000 lbs. or more in 
rock-boring operations." 

Again, as stated above, Mr. Warner carried a load of 
2^ tons on 40 one-inch diameter balls — that is, about 
140 lbs. on each ball ; but it was found that something 
less than 1,000 lbs. could be placed on each with safety. 

As a general principle, small balls should be used for 
high speeds and light loads ; and the heavier the load, 
irrespective of speed, the larger the balls must be. A 
^ in. diameter ball is found to crush at 6,700 lbs., and 
about one-tenth to one-fifteenth of this pressure may 
be takeu as a safe working load, though it is always 
advisable, especially in horizontal bearings, to allow a 
fair margin, even over this figure. These proportions 
apply to slow-moving bearings; where the revolutions 
are above 30 or 40 per minute the load per ball should 
be decreased. For working figures the reader is referred 
to Table XX. The larger the balls used, the greater 
should be the margin, as the risk of internal stresses 
being set up in hardening is very greatly increased. 
In the smaller sizes — up to about | in. diameter — this 
trouble is not found to any extent. The approximate 
crushing weight of balls varies as the square of the 
diameter : — 
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Design of Ball Bearings. — Having glanced at the 
question of the balls themselves, we can now proceed 
to the consideration of the best manner of applying 
them for reducing friction in mechanical bearings. 
Many people suppose that sliding friction is entirely 
eliminated in the use of ball bearings, and that rolling 
friction alone remains. But this is not the case, for not 
only does sliding friction take place through the balls 
touching and sliding past one another, but a certain 
amount also occurs between the balls and the surface 
they run upon. This may be very excessive in badly- 




Fig. 45. 



designed work, but in good designs may be nearly 
eliminated. 

If a perfect sphere rests on a plane surface (see Fig. 
45), the place of contact will mathematically be a point 
A, and if it rolls it will do so upon a line A, B. Now 
suppose a considerable weight were placed upon it so 
that yielding takes place due to the elasticity of the 
material used. Then the ball will run in a groove as 
shown in Fig. 46 (for the sake of argument we will 
suppose the bearing surface only to yield). If the ball 
is IJ in. diameter, and it turns round once about the 
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horizontal axis A, B, the ball will have advanced 
1^x3-1416 = 3-927 in.— that is, the length of the cir- 
cumference at C, D. The lines E, F, G, H at the 
outside edges of the groove are 0*8 in. long, and the 
circumference there is consequently 0*8 x 31416 = 2*513 
in., so that slipping to the amount of the difference of 
these two lengths will take place. ' In all probability a 
mean of the two lengths would be the amount the ball 
will travel in one turn. 

In some early designs, the form of the grooves for the 
balls to run in was such that they fitted the balls as 




shown in Fig. 46. This was incorrect, as the above 
reasoning shows plainly. The balls should either run 
upon plane surfaces or in V-shaped grooves, where the 
ball will be in contact with the races at two points 
only, as at A and B (Fig. 47) ; a convenient angle for 
the groove is 45 deg. 

If the bearing is to be one to sustain end pressure — 
commonly called a thrust bearing — instead of a plain 
bearing for a horizontal shaft, then the form of groove 
shown in Fig. 47 will require to be altered somewhat, 
since the path of the points A, A in revolving xou.XK'i, a 
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point to the left of the ball as a centre will be shorter 
than the path in which the points B B will move. A 
good method for correctly setting out the form of a 
groove to overcome this difficulty is as follows : — Take 
any straight line, A, B (Fig. 48), and consider A as the 
centre of the circular race required ; mark off A, G 
equal to the radius of centre of race, and draw C, D 
perpendicular to A, B, With G as centre, draw two 
circles ; one equal in diameter to the size of ball to be 
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Fig. 47. 



used, and the other with a diameter three-fourths of 
the first; from A draw two lines tangential to the 
inside circle. These lines will cut the outer circle in 
four points, at each of which draw a tangent. These 
four tangents will form a four-sided figure in which the 
ball will roll without slipping, since these four points 
lie upon a cone whose apex is at A. The proportion 
between the length of the lines A, H and A, J is the 
same as that between H, K and J, L, and we have the 
same conditions, so far as relative velocities are con- 
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cerned, aa if we had a conical roller rolling between the 
surfaces represented by tUe lines A, J, A, L, and it is 
obvious that rolling friction only would be present, 




sliding friction being entirely eliminated. So far as we 
can learn, the necessity of this construction was firat 
pointed out by Mr. Fred. J. Wilier in the issue of the 
American Sfachinwi of April 3, 1890. 
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In Fig. 49 we liave shown a thrust bearing similar 
to those used for drilling machine spindles; the left- 
hand half of the diagram shows how the groove is often 
(and wrongly) designed ; the other half how it should 
be designed. The material of the race plates should be 
similar to that from which the balls are made and 
hardened in the same way, care being taken that there 
are no flaws or soft places, for the reason that such will 
soon become holes, rendering the bearing worse than 
useless, for unless a ball bearing is very carefully 
designed and manufactured, it is far worse than an 
ordinary one. 

For heavily-loaded horizontal shafts, ball bearings are 
not well suited, since all the weight has to be borne by 
a few — at the most one-fourth — of the balls at the 
bottom of the bearing, and the passing of the balls past 
the lowest point tends to a jerky motion. It will have 
been noticed that in thrust bearings, whether vertical 
or horizontal, each ball gets its fair share of the work. 
Such a combination of rollers and balls as was illustrated 
in the issue of Engineering of April 14, 1893, the 
invention of Messrs. Purdon and Walters, seems to be 
better suited to Iteavy horizontal shafts. 



CHAPTER XI 

BALL BEARINGS — ACTUAL PRACTICE 

Having directed attention to the theoretical con- 
siderations involved in the design of ball bearings, we 
now bring before our readers various devices carried out 
in practice by manufacturers. 

We will therefore revert to the work of Mr. G. F. 
Simonds. This gentleman perfected a metal-rolling 
machine some years ago, which is manufactured by The 
Simonds Rolling Machine Co., U.S.A. While at the 
Paris Exposition he had his attention directed to the 
subject of ball bearings and the ease with which l^is 
metal-rolling machine could be made to manufacture 
the balls. In the end of 1893 Mr. Simonds read a 
paper before the Franklin Institute, Mass., U.S.A., 
describing the long and painstaking methods by which 
he had arrived at satisfactory solutions of the problems 
which had presented themselves to him while con- 
ducting his experiments. In the course of his remarks 
he said that steel balls are now being made of absolute 
sphericity, like one another, and with great economy, 
and a system has been developed for making tempered 
articles uniform in quality, with a great saving in cost 
over existing methods for doing similar work. The 
accuracy and efficiency of the new system of making 
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spheres will be appreciated when it is stated that 
balls of ^th, ^^nd, and ^th of an inch in diameter 
have been ground from pieces of steel, cylindrical in 
form, so that they do not vary xTTiu^inr*^ V^^ ^^ ^^ 
inch from one another, or from perfect spheres. The 
new system of making the tempered sleeves and 
rings for the balls to run in, and also for tempering 
the balls, is full of interest, but we must leave it, 
remaiking only that a low carbon steel — Bessemer, 
for instance — can be used in the place of the high 
grade steel that is required when ordinary methods 
of tempering are adopted. By means of a special 
fiimace the ancient and well-known cementatioti case- 
hardening process is brought under complete control. 
This is very important, especially as it enables the 
sleeves and rings in which the balls run to be case- 
hardened, or carburized to any given required depth 
and to any high degree of carbon, whilst it ensures that 
any number of such pieces will be of the same degree 
of hardness. We are given to understand that when 
laianufacturers employ high carbon steel, and harden in 
the ordinary way, the risk in hardening large size balls, 
3 inches or so, is so great that hardening is dispensed 
with; steel of extreme natural hardness being used 
instead, from which to make the balls, and left in its 
natural condition to withstand the wear. We give as 
briefly as possible some points in reference to the 
design of bearings for bicycles, cars, carriages, etc., which 
are worthy of a place in this chapter. 

(1) In the ordinary design of bearing for this class 
of work the balls are loose, and must be handled singly. 

(2) Each ball is required to sustain both the weight 
and end-thrust. 
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(3) Only two rows of balls can be used, one row at 
each end of the bearing. 

(4) On account of the principle on which it is con- 
structed the balls and bearing surfaces wear away. 




Fic^. 50. 



(5) There must be a means of adjustment on account 
of this wear. 

In Mr. Simonds' design (see Fig. 50), what he calls 
the " double-case belaring," these conditions are reversed. 
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Fig. 51. 

The balls are confined in cages, and readily and safely 
handled ; one set of balls carries the weight, while 
another set takes the end-thrust ; any required number 
of balls can be utilized ; properly made, there is practic- 
ally no wear, and as there is no wear of the parts, no 
adjustment is necessary. In Fig. 51 we show Mr 
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Simonds' '* bevel-cage bearing," in which the balls run 
between plane parallel surfaces in place of grooved 
surfaces, although it is open to the objection that each 
ball carries both weight and end-thrust. It is intended 
for very light work, whereas the double-cage bearing 
is for use, where weight is not so much looked at. In 
our reproductions of Mr. Simonds' illustrations we 
have not shown the cages ; suffice it to say that they 
are a light framework which does not hamper the balls. 
We now turn to an English firm^ who have gone 
in for ball production on a large scale, and who have 
laid down special plant for this particular purpose at 
Coventry. The machines used for the production of 
the spheres are automatic in their action, steel wire 
of a suitable diameter being fed through a hollow 
mandrel; and by means of a series of cutters which 
successively operate upon the wire, the balls leave the 
machine within 0003 inch of their finished sizes, 
having been shaped and separated from one another. 
The next process is lapping, which is carried out in 
another department — emery and a mineral oil are used 
for this purpose. The spheres on leaving this stage 
are within 00005 inch of perfect accuracy. After the 
lapping comes the hardening process, and then they 
are again ground and finally polished with rouge. At 
various stages of the manufacture, notably at the end, 
the sizes of the balls are tested by automatic testing 
machines. These machines consist of steel bars placed 
at certain distances apart, down whijch the balls roll. 
By placing these bars at distances apart, varying half 
of a thousandth part of an inch in consecutive machines, 
the balls are sorted out into parcels, the maximum 
^ The Auto Machinery Co., Ltd., Coventry. 
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variation of auy one ball in any parcel being 00005 
(jifjnrth) inch. After this a inicrascopic examination 
is made of every ball in order to find any 6aws that 
may exist, and which are at once revealed by means of 
the polishing. We are given to iiuderstand that 80,000 
balls are turned out front these works per diem. Wheri; 
they go may be a cause of wonder to many, hut it 
clearly shows the growing use of balls when they can 
be thoroughly relied upon. 

In the production of these balls the finest crucible 



Ciist stee! — diamond steel — is used, coating between 9d. 
and lOd. per lb. Great care is of course necessary and 
used in the process of hardening. The balls are thrown 
into a large tank of water after being heated in a 
special furnace, so that all may he of the same tem- 
perature before being cooled out. 

In Fig. 92 we show a section of a bearing intended 
to take the end-thrusb of a drilling machine spindle. 
One feature is worthy of attention, the way in which 
the bearing is recessed into the spindle, the outside 
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flange A, A serving to keep it dust proof. It will be 
noticed, too, that the top and bottom races are separate 
pieces of hardened steel io keeping with the best 
practice. 

Aoother bearing designed for a horizootal shaft is 
shown in Fig. 53 ; this has only one set of balls, but 
the number of rows may bo increased when it is 



Ais eicamples of high speeds and light loads we may 



mention a wood-carving machine spindle io one of the 
lai^est ship-yards of Scotland, running continuously 
at a speed of 13,000 revolutions per minute, perfectly 
cool and with little or no oil, the plain bearings 
originally fitted having given constant trouble. Again, 
a small electric motor, which originally ran very un- 
steadily at 6,000 revolutions per minute, when fitted 
witli balls ran at 7,000 with the same amount of current, 
and so steadily that all sparking at the brushes was 
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done away with, and it was found possible to grind a 
razor perfectly on an emery wheel attached to the 
spindle. 

In July of 1894*, at the Manchester meeting of the 
Institution of Mechanical Engineers, the late Dr. John 
Hopkinson read a paper descriptive of the New Electric 
Lighting Works at Manchester, and during the discus- 
sion following the paper it was mentioned that ball 
bearings, supplied by the Auto Machinery Company of 
Coventry, had been fitted to the motor generators with 
the view both of economizing power by reducing 
friction, and also of overcoming, as far as possible, 
any liability to stoppage on the part of the workmen 
in charge of the machines. A small dynamo fitted 
with these bearings had been running at 1,300 revolu- 
tions per minute continuously for nine hours, without 
oil or any attention whatever, and showed no signs 
of heating. Readings taken from the ammeter every 
15 minutes during the running showed a gain in 
pressure of about 10 per cent, over similar readings 
taken the day before, under as nearly as possible the 
same conditions, when the dynamo was fitted with 
ordinary bearings. It is of interest to note the ready 
means of adjustment, and also the ease with which they 
can be taken to pieces and put together ags^in. The 
adjustment is provided for by the nuts A, A (see Fig. 54), 
which lock each other in the same way as they do on 
an ordinary lathe mandrel, and are tightened until the 
sleeve B, B turns freely without the slightest shake. 
In accordance with the principles of design, which we 
have before spoken of, the balls do not run directly 
on to the shaft C, C, but on the hardened steel sleeve 
B, B, which is caused to rotate with the shaft by m^ans 
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of the key D. This also euiibles tlio balls to bo placed 
in position in the grooves before ttiey are put on the 
shaft, which saves a great amount of annoyance and 
inconvenience. 

Mr. Benouf, of Birmingham, instanced, in the course 
of a discussion in Engineering, at the end of 1893, 
various cases of balls being used for thrust bearings, 
in reply to some adverse criticisms. At Humber and 




Co.'s' Beeston works a heavy milling machine lias now- 
been running for ten years with ball thrusts. At the 
Coventry works of the- same firm two vertical pulleys, 
carrying a belt weighing 2 cwt., and transmitting 40 
horse-power, were a constant source of trouble till a 
thrust bearing, with ^ in. balls, ^as fitted. They are 
now working well. This gentleman, by the way, also 
considers that it is unadvisable to have fewer than nine 
or more than twenty balls in a row, best results being 
obtainable with from eleven to fifteen. 
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160 FRICTION AND ITS EEDUCTION 

The above illustrations and Table XX. show the aafe 
working loads for horizontal and vertical thrust bear- 
ings. They give, too, the safe working loads at given 
revolutions per minute, arrived at from actual testa 
made at the manufacturers' works. They are intended 
for use in connection witb worm gearing, crane posts. 



turntables, crane hooks, turbine, propeller and other 
shafts. 

The figures in Table XX. apply to Fig. 58 ; but 
for high speeds Fig. 57 is recommended in preference, 
as the two sets of balls halve the speed at which they 
travel relatively to the races in which they move. Figs. 
65 and 56 are for use witb vertical shafts. Fig. 55 
will carry 75 per cent, and Fig. 56 will carry 60 per 
cent, of the loads given in the Table for Fig. 58, 
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The prices given above are for Fig. 58, to which 
should be added one-third or 33J^ per cent, for Fig. 57^ 
while 10 per cent, is to be deducted for Fig. 55, and 15 
per cent, for Fig. 56. In all cases the dust caps are 
e^tra, the races being of different forms — Figs. 57 
and 58 being designed as shown on opposite page, and 
Figs. 55 and 56 being round grooves and flat plates 
respectively. 







TABLE XXI 


• 










Prices. 


No. of 


Diameter 
of Shaft. 


£xtemal 
Diametec. 










i3(ianng. 


Inches. 


Inches. 


Ball Cage 


One Cast 






• 


Bearing. 


Steel Ring. 


1 


i 


14 


3/6 


1/6 


2 


§ 


li 


3/8 


1/7 


3 


s 


IS 


3/10 


1/8 


4 


i 


18 


4/- 


y^ 


5 


1 


ij 


4/2 


ipid 


6 


14 


i« 


4/4 


i/ij 


7 


H 


2tV 


4/6 


2/- 


8 


IS 


2A 


4/8 


2/1 


9 


14 


2A 


4/10 


2/2 


10 


18 


2y^ 


5/- 


2/3 


11 


IS 


; 2ft 


5/2 


2/4 


12 


li 


2H 


5/4 


2/5 


13 


2 


2« 


5/6 


2/6 


14 


n 


H 


5/8 


2/7 


15 


H 


34 


6/11 


2/8 


16 


2| 


3* 


6/2 


2/9 


17 


3 


*A 


6/5 


2/11 


18 


H 


4^ 


6/8 


3/1 


19 


H 


m 


6/11 , 


3/3 


20 


n 


5 


7/2 : 


3/6 


21 


i 


SI 


7/6 


3/9 



A very simple form of thrust ring is illustrated in 
Fig. 59, and is designed for drilling machine spindles, 
lathe mandrels, motor-car transmission boxes, etc. They 
are designed for lighter loads than those illustrated in 
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Figp. 55 to 58. The ball cage is ahown above, and 



consists of two steel rings, held together with small 
pins. 



The use of balls for reducing friction in crane hooka 
is shown in Figs. 60 an,i 61. The races are showa circular 
in form ; they are often made especially for large sizes 
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with tangential races, as in Fig. 49, which has also a 
dust lip on the upper race. 



TABLE XXII. 



No. 


Price per set. 


Load in 
tons. 


• A. 


B. 


c. 


D. 


Size of 
Balls. 


No. of 
Balls. 




& a. d. 








1 


17 6 


1 


li 


US 


2J 


18 


f" 


13 


2 


1 13 


2 


18 


m 


2| 


lit 


4" 


13 


3 


1 18 6 


3 


ig 


34 


m 


4" 


14 


4 


2 3 6 


4 


H* 


n 


8H 


n 


8" 


13 


6 


2 7 6 


5 


2 


2A 


3i» 


2* 


8" . 


14 


6 


2 12 


6 


2J 


2A 


4 


2i 


i" 


15 


7 


2 17 


' 8 


2i 


2A 


4* 


2J 


8" 


16 


8 


3 3 6 


10 


24 


2A 


a 


2rt 


j" 


14 


9 


3 10 


i 12 


2| 


2B 


54 


2,^ir 


S" 


16 


10 


3 17 


i 15 


H 


3,»i 


5i 


2A 


i" 


18 


11 


4 19 


, 20 


8i 


3A 


64 


34 


J" 


16 


12 


5 17 6 


25 


H 


3}* 


74 


3J 


1 1" 


17 


13 


6 17 6 


30 


41 


4A 


74 


84 


1" 


18 


14 


8 16 

1 


! 40 

1 


a 


m 


84- 


38 


14" 

1 


18 



Table XXII. gives leading dimensions, sizes, and 
number of balls, so that the above can be readily incor- 
porated with a design, and the prices give some idea of 
how much will be spent on securing the benefits of 
ball bearings — an item greatly needed by those in the 
drawing-oflSce as well as by the customer in deter- 
mining the advisability of their adoption under varying 
circumstances. 

The combination of parallel and end-thrust bearings 
is shown well in Fig. 62, and is a type for use in 
tramcar, motor, lorry, and other work where thei;* 
use is a great matter in the reduction of effort required 
for starting as well as when running. The writer leaves 
this chapter feeling how much more might be well 
written on the matter, but space forbids. 

In conclusion, we again repeat that a poorly-designed 
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and badly-constructed ball bearing is far worse than 
the worst parallel bearing in existence, and that the 
objections urged so often against these friction-prevent- 
ing devices seem to be founded upon some laxity in one 
or other, perhaps both, of these two pre-requisites.^ 

' We gladly acknowledge our indebtedness to Messrs. the Auto 
Machinery Co., Ltd., Coventry, for the tests, etc., of steel balls ; 
also for the use of their figures, Nos. 57, 58, 59, 60, and 61. 



CHAPTER XII 

FORCED LUBRICATION 

At the Birmingham meeting of the Inst, of Mecb. 
Engineers, July 1897, a paper ^ was read by A. Morcom, 
Esq., which is of great value in connection with our 
subject. It is a mechanical means for automatically 
flooding the engine bearings, the crank pins, the cross- 
head pins, and eccentrics with oil, and reproducing, as 
nearly as possible in actual practice, the conditions of 
the oil bath which gave such low co-efBcients of fric- 
tion as recorded on pages 29 and 30, due to the film of oil 
kept between the surfaces. Mr. Morcom's firm (Messrs. 
G. E. Belliss and Co.) came to the conclusion that a 
double-acting engine of ordinary construction, with a 
system of oil pump and pipes supplying oil under 
pressure to every bearing, would give (1) noiselessness 
in running at high speeds, (2) economy in maintenance 
owing to less wear and tear, and (3) a greatly increased 
B. H.-P. from the reduced engine friction. 

These results, which had previously sought to be 
obtained by using single acting engines and running the 
connecting rod and other moving parts in a closed crank 

1 High Speed Self-Lubricating Engines. Proc, LM.E , 1897. 
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chamber partially filled with oil, were obtained with a 
marked degree of success. 

The working parts, even when slack, worked without 
noise. The wear was imperceptible after long runs of 
months' duration. The mechanical efficiency, or 

B. H.-P, 
L H.-P. 
was as low as 96*3 under full load, and 89'3 under 
quarter load. These figures were so striking that Prof. 
Kennedy, who carried out some tests on a 200 H.-P; 
compound engine (12^ in. and 20 in. x 9 in. running 
at 360 revs.) supplied to the Sunderland Corporation 
Electric Supply Station, said, " The most singular point 
about them is the extraordinary high brake efficiency 
of the engine, which is altogether much higher than 
anything I have previously found, I have been ex- 
tremely suspicious of the figures, and have had every-i 
thing checked repeatedly. The difierent figures taken 
at different periods are quite consistent with each other, 
and there is nothing in the records to suggest error, 
except the figures themselves. I can only place these 
on record without saying more about them." 

When the reader remembers that for an ordinary 
engine (vertical) the efficiency at full load is not more 
than 92//, and at i full load is often not more than 67% 
the value of this system of lubrication will be forcibly 
brought home to him. 

The oil is pumped by means of a plunger attached 
by a pin to one of the main eccentrics, and the rocking 
movement is utilized to cause the pump body to move 
in a circular path over ports so that the valves of an 
ordinary pump are dispensed with. A pressure of about 
15 lbs. to the square inch is maintained in the system. 



168 FRICTION AND ITS REDUCTION 

The plunger is IJ in. diameter, and the suction and 
delivery pipes are f in. diameter. The use of large con- 
nections is most necessary as it helps to prevent 
clogging. It hets been found best to introduce the oil 
at the top of the maiin bearings, and convey it by large 
channels to the sides and bottom. The oil is conveyed 
from them by means of long passages, drilled in the 
crankshaft to the orank pin, crosshead pin, eccentric, and 
pin. It is returned to a reservoir in the bed of engine, 
and passes through an oil strainer on its way to the 
pump again. 

The picture has been drawn of burst pipes, choked 
pumps, gagged valves, strainers that will not strain, etc., 
in connection with this system, but the writer's inquiries 
as to the behaviour of the engines designed by Mr. 
Morcom has been, on the contrary, quite favourable; but 
certainly the elements of danger are there, and it needs 
the best design and workmanship to prevent those 
untoward events happening. 

The pump is placed at the bottom of the bed- 
plate of the engine, just between the two inner bearings. 
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Dewranco's sight- feed, 122 

Needle, 132, 133 
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I or. 6d. net. 

Engineer, McDonnell, u. 

Locomotives, Cooke, yj. 6d, 

Development, Cooke, 2x. 6d. 

Lodge's Lightning Conductors, 151. 

Lopp^ and Bouquet's Alternate 
Currents, lor. 6d, 

Lubrication, Wheeler. 

Lukin's Small Lathes, \s. 6d. net. 

Lunge and Hurter's Alkali Makers' 
Handbook, lOf. 6d. 

McDonnell, How to become a Loco. 

Engineer, \s, 
Maginnis' Atlantic Ferry, *is. 6d, 

Bricklaying, "js. 6d. 

House Framing, 5^. 

Roof Framing, 51. \2s, 6d. 

Magnetism and Electricity, Ashworth, 

Bottone, 2s, 6d, 

Houston, 2j. 6d. 

Maycock, 2s. 6d. 



Manual Instruction, Woodwork, 
Barter, 6s, 

Metal Work, Miller, is.6d. 

Manures, Griffiths, Ts. 6d, \2s, 6d. 

Marine £n|;ineers, advice to, Roberts, 

Drawmg and Designing, Roberts, 



6s. 



Drawing Cards, Sothem, 31. 6d. 



net. 



— Electric Lighting, Walker, 51. 

— Questions and Answers, Wan- 
nan and Sothem, y. 6d. net. 

Verbal Notes and Sketches, 



Sothem, 4r. 6d. net. 
Marshall's Cakes, is. 

Cookery, is, 

Martin's Structures, 4r. 
Massee's The Plant Worid, 2s, 6d, 
Mathematical Tables, Hutton, 12s, 
Mathematics, Elementary, Hatton, 
May's Ballooning, 2s, 6d, [2s, 6d. 
Maycock's Electricity and Magnetism, 

2s. 6d. 
Electric Lighting and Power 

Distribution, vol. i. 6s. ; vol. ii. 'js.6d. 

Altemating Current Circuit, 3J. 

Electric Wiring, Fittings, 

Switches, and Lamps, 6^. 

Details Forms, 2s. 6d, net. 

Electric Wiring Tables, 3J. 6d. 



Measurements, Electrical, Crapper, 

Houston, 5^. \2s. 6d. 

Mechanical Tables, Foden, is. 6d. 

Refrigeration, Williams, \os. 6d. 

Mechanical Engineer's Pocket-Book, 

Medical Terms, Hoblyii, lor. 6d, [51. 

Merrill's Electric Lighting Speci- 
fications, 7^. 6d. 

Tables for Street Railway 

Engineers, $;. 

Metal Tuming, Horner, \s. 

Work, Leland, 51. 

Miller, 3J. 6d. 

Metric System, Wa^taff, is. 6d. 

Middleton's Surveying, 5j. 

Mill Work, SutclifTe, 21s. 

MiUer's Metal Work, y. 6d. 

Millinery, Ortner, 2s. 6d, 

Mine, Coal, Boyd, is. 6d. 

Mineralogy, Hatch, 2s, 6d. \ios, 6d. 

Model Engine Making, Alexander, 

Modem Safety Bicycle, Garratt, 31. 

Motor Cars, Farman, 5^. 

Motors, Electro, Bottone, 31. 

Ignition Devices, Bottone, 

Houston, 5J. \2s, 6d, net. 
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Neumann's Electrolytic Analysis, 6s. 

Optical Activity and Chemical Com- 
position, Landolt, 41. 6^1, 
Optical Instraments, Orford, 2s. 6d. 
Optics, Geometrical, Blakesley, 
2x. 6d. net. 

of Photography, Taylor, 3X. 6^?! 

Orford's Lens Work, 3^. 

Optical Instruments, 2j. 6d, 

Organic Chemical Manipulation, 

Hewitt, 4r. 6d, 
Ortner's Millinery, 21. 6d, 
Owen's Telephone Lines, $s, 

[I2J. 6d. 
Parham and Shedd's Dynamo Testing, 
Parkhurst's Dynamo Building, 51. 
Pattern Making, Horner, 31. 6d, 
Periodic Classification and Chemical 

Evolution, Rudorf, 41. 6^. 
Petroleum, Boyd, 2s, 
Photographic Lenses, Taylor, y. 6d, 
Physical Chemistry, Reychler^ 4r. 6d. 
Pickworth's Indicator, 2 vols., 31. 
each net. 

Slide Rule, 2j. 

Pipes and Tubes, Bjorling, 35. 6d, 
Plant World, Massee, 2r. 6d, 
Plant^'s Electric Storage, 12s, 
Ponce de Leon's Spanish Techno- 
logical Dictionary, 2 vols. 3/. 8j. 
net. 
Poole's Telephone Handbook, $s. 
Practical Education, Leland, dr. 
Pratt and Alden's Street Railroad 
Preece's Telephony, 15^. [Bed, loj. 
Price's Hoblyn's Dictionary of Medical 

Terms, loi. 6d, 
Printer's Handbook, Jacobi, 5^. 

Quantities, Davis, 3J. 6d. net. 

Radiography, Bottone, 35. 
Railway Building and Repairing, 
Kirkman, los, 6d, net. 

Management, Findlay, yj. 6d, 

Material Inspection, Bodmer, 51. 

Science of, Kirkman, 12 vols. 



6/. 6s, net. 

— Vocab., French-English, 
raillier, yj. 6d. net. 

— Electric, Hering, $s. 



Refrigeration, Williams, lOr. 6d, 

Repouss^, Leland, $s, 

Reychler's Physical Chemistry, 41. 6d, 

Rider's Electric Traction. 

Roberts* Drawing for Marine Engin- 
eers, dr. 

Advice to Marine Eng., 2x. 6d, 

Rontgen's X Rays, Bottone, 31. 

Roof Framing, Maginnis, 5;. 

Rudorf's Periodic Classification and 
Chemical Evolution, ^r. 6d, 

Russell's Electric Cables, los, 6d, 

Safety Bicycle, Garratt, 3^. [tions: 

Salomons' Electric Light Installa- 
Vol. I., Accumulators, 5^. 
Vol. II., Apparatus, 71. 6d, 
Vol. III.. Applications, 5^. 

Vacuum Tubes, 2s, 

Sanitary Drainage, is, 

Fittings, Sutcliffe, $s, net. 

School Calendar, Scholarships and 
Exams., is, net. 

Serraillier's Railway Vocab., French- 
English, 7^. 6d, net. 

Sewage Treatment, Slater, 6s, 

Shenton's Sewerage Treatment, 2s,6d. 

Shepardson's Electrical Catechism, 

Slater's Sewage Treatment, 6s, [los. 

Slide Rule, Pickworth, 2r. 

Sloyd, English, Barter, 6s. 

Sothern's Verbal Notes and Sketches 
for Marine Engineers, 41. 6d, net. 

Questions and Answers for 

Marine Engineers, 31. 6d, net. 
Drawing Cards for Marine En- 



Ser- 



gineers, 3J. 6d, net. 
Southam's Elect. Engineering, y, 6d, 
Spanish Technolc^cal Dictionary, 

2 vols., 68f. net. 
Specialists' Series. 
Steam Jacket, Fletcher, y, 6d. 

Locomotives, Cooke, *js, 6d, 

Model, Alexander, loj. 6d, 

Power and Mill Work, Sut- 

cliffe, 2is, 
Steamships, Atlantic, Maginnis, 71. 6d. 
Steel Works Analysis, Araold, lor. 6d, 
and Iron Structures, Twelve- 
trees, 6s, net. 

Bars, Tables of, Barker, is. 



Steinmetz's Alternate Current Phe- 
nomena, 20s, 

Electrical Engineering, 12s, 6d, 



Stevenson's Trees of Commerce, 
31. 6d. 



